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17.43.EP 

Chemical Compoimds with Dual Activity, processes for their pireparation and 

pharmaceutical compositions 

The present invention concerns chemical compounds combining afBnlty and 
S antagonism against the h\aman m3 mtiscaiinic receptor wtth actfvily as selective 
phosphodiesterase IV (PDE IV) inhibitors, processes for prepartng them, 
phaimaceutlczal compositions containing them and their use as pharmaceuticals. 

Chronic obstructive putmonaiy disease is characterised bj^ airway 

10 inflammation and Impaired expiratoiy outflov/ due to chronic bronchitis and/or 

emphysema. The j^lmaxy inflammatory cells associated vrOki COPD axe macrophages. 
CDS*- T-cells and neutrophils. 

Parasympathetic choUnerglG reflexes' are the most potent tonlcalty active 
r^ulators of bronchoconstrfction and of submucosal gland exocTtosls and secretion In 

15 the airways. Post<^unctional m3 receptors mediate cholinetgic bronchoconstrlction 
and glandular secretion in the hirman airways. Kre|uncticnal m2 autoreceptors 
modulate the acetylcholine release whereas ml receptors located on parasympathetic 
ganglia inversely facilitate the parasympathetic nerve activity CBames P-J.. Im Xung 
Biology in Health and Disease: Aadcholinerglc Agents in the Upper and Lower 

20 Airways", Vol. 134. Specter S.L. CE^, (1999), 31-S7). 

The nasal mucosa of the upper airway is also innervated by parasympathetic 
nerve fibers, activation of which results in gandiilar hyjieraecretlon from both goblet 
cells and srabmucosal seromucinous gfaxids. Activation of ml and m3 receptors 
results in secretion firom mucous and serous glands. The mS receptor subtype, also 

25 present on blood vessels, may play an additional role in nasal congestion through 
promoting vasodilatation. 

Thereby, M3 and muscarinic receptor antagonists are indicated for the 
treatment of diseases associated with airway narrowing or/and mucus hypersecretion 
OVforley, J. Para^ynqpatholytlcs in Asthma. Pulmonary Pharmacology (1994), 7. 159- 

30 168). 

AntichoBner^c bronchodllators^ particularly selective muscaiinic M3 
antagonists, are currently the preferred choice for management of COPD as thqr are 
more eSfective and have fewer side effects coxx^ared to 32'S^^oceptor agftrttcitF^ 

Bronchodllators improve symptojms but do not address the underlyixig cbionic 
35 inflammation or the changes in airway structure CHay D.W.P., Current Opinion in 
Chemical Biology C2000). 4, 412-419). 

Amongst phosphodiesterases, PDB IV is the predominant sub-type in 
inflammatory cells, including mast cells. eosinophilSp T lymphoqytes, neutrophils and 
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macrophages. It is also the dominant sub-lype in structural cells such as sensory 
nenres and epithelial cells ITorphy T.J.. Am. J. Resp. CrlL Care Med. (1998), 157. 351- 
370). 

Standard treatment with corticosteroids as anti-inflammatoiy agents has 
5 demonstrated limited eGBcaiqr (Culpitt jdaziak W.. LouMdis S. • mg^itln^e J JL, 
Matthews J.L., Barnes P.J., Am. J. Resp, Crit. Care Med. (1999), 160. 1635-9); 
Keatings vjyL* Jatakanon A., Wordsell Y.M., Barnes P. J.> Am. J. Resp. Cxit. Care Med. 
(1997), 155, 542-8). Selective PDE IV Inhibitors, however, have proved to be very 
efficient ta attenuating the responses of various Inflammatory cells through their 

_10 ability to elevate cyclic AMP levels. They are toown to modulate„^ 

apoptosis of neutrophils by inhibiting tiie production and release of chemoIdnes« 
supero3dde fipee radicals, leukotrienes and proteose and toxic granular enzymes 
CTorphy T.J., Am. J. Resp. Crit. Care Med- (1998). 157. 351-370). 

It has now been found that a combinatiQn of these two therapeutic activities, 
IS bronchodilatation with an M3 muscarinic antagonist and anti-Inflammatoty acUvity 

with a selective PDE IV mhfbitor, in a singte camiunmd, provides a new and 

surprisingly effective approach to the treatxnent of COPD« 

The Gomcpoiinds according to this invention are useful for treating respiratory 

disorders in coxmectton with Chronic Obstructive Pulmonary Disease (COFD). 
20 Preferred compounds have afBnity fixr the human mS muscarinic r^eptor at 

concentrations ranging from 100 nM to almost 1 nM and Incorporate activity as 

selective phosphodiesb^ase IV CPDE IV) inhibitors at concentrations ranging finom 2.5 

pM to almost 50 nM. These compounds also recognize the ml« m2, xn4 and m5 

receptors with variable receptor subtype selectivity. 
25 Preferred compounds have been proven to antagonise caxbachol-induced 

contraction of gqinea-pig trachea in vitro. 

In one aspect, the invention therefore provide compounds having tihe finmulal, 
or a phaxxnaceuticaQy- acceptable salt thereof. 




(I) 



wherein 

r1 is alkyl or cycloalbyl, 

r2 ^ cydoallsyl. 

is hydrogen^ all^l, halogen, hydrosqr, alkoxy or amino, 

!• 

I 

r 
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or I^rS Is an allQ^ene bcidgiiig group. 
Is liTdrogeii or aUcyl. .'. - 

is QWdoallsyi. aiylaUcyl or heterocycle-alkyl. 
or Nr4r5 is a heterocyde. wbich may be substituted, containing oxHy one 
heteioatom which is a nitrogen atom or containing two heteroatoms wherein 
one is a nitrogen atom and the otheris a non-oxldized sulfur atom, 
with the proviso that when I^R? is ^ aUsylene bridging group, r1 is a 
cydoatkyl. 

I 

The tenn "alkyr. as used herein. ls;defined as including saturated, numovalent 
l^ydrocatbon radicals having strai^t. farandhed or <?ycUc mcAetles or combinations 
thereof and containing 1-20 caibon atomsj preferab^ 1-6 carbon atoms for non-eydic 
antyl and 3-8 caibon atoms for cgrdoalkyl Qn these two px^tred cases, uidess 
ofliowiae ^ecifled. "lower a]lQ»l"). ' 

Prefeired alkyi groups are methyl, itkyl. propyl, ieopropyl. butyl, too- or 
t«t-bulyl. and 2.2.2-tiinielhyle£hyL 

The tenn "cycloalkyl", as used herein, refers to a monovalent group of 3 to 18 
carbons derived from a saturated cyclic or potycydic hydrocarbon such as adamantyl. 
It may be substituted or unsubsatuted. Non-limiting examples are cydopropyl 
cyclobutjrl. cyclopeniyl. cydohoyl. cytlohep;iyl. qrdooctyl, bicycloI3.2.11cyclo«rtyl or 
adamauM. 

\> 

When present as bridging groups, alkj^ represents straight or branched 
chains. C1-12-. prefiaribty Cl-4-anjylene. ' ' 

Groups where branched derirattve^ are canventlonally qualtCed hy prefixes 
such as -n". "sec", -iso- and the like te.g. -aj^propyr. -sec-butyH arein the n-fonn 
unless otherwise stated. 

The term -halogen", as used lierelnj'lncludes an atom of a. Br, F, I. 
The term "Tiydroxy^. as used hereiJi represents a group of the formula -OH. 
•me term "amtoo-. as used herein, ^^resents a group of the fonnula -NHa. 
30 The term "thlor. as used herein, rejijesents a group of the formula -SH. 

The term -cyano\ as used he^ 4*^^*5 a group of the formula -CN. 
the torn -nitro-. as used herein, re^iesents a group of the formula -NOa- 
THe term "alkoacjr. as used herein, ijdeflned as toclruiing ^-rG g^ups 

represents an alkyl or a <ycloa|qyl group. Non-limiti^ 
35 methoogr and ethos^. jl i 

'I I 

Hie term "aiylalhyl". as used hereii jrepresents a group of the formula -R7- 
aryl In whicih r7 is Cl-12- straight or braij^d aHqrlene. Non-hmiting examples are 



20 



25 
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benzyl. halobensyL cyanobenzyl, xnethojgrtieaQrl. nitrob^i^l. 2-pihenyletliyl. 
diphenylmethyl. {4-inetho3cyphenylJdiphenylmeiaiyl. todenyL anthracenylmethyl. 

The term •*aryl'' as used herein, is defined as Including an organic radical 
derived ftum an aromatic hydrocarbon consisting of 1 -3 rings and contaiitog 6-30 
5 carbon atoms by removal of one hydrogen, such as phei^ and naphtbyl each 

optionally substituted by 1 to 5 substituents Independently sdected from halogen, 
hydroxy, thioL amino, nitro, cyano, Cl-S-attwJxy. Cl-6-alkylthio. Cl-e-alkyl, CIS- 
haloallcyl. Aryl radicals are preferably monocyclic containing 6-10 carbon atoms. 
PrefOTed aiyl groups are phenyl and naphthyl each optionally substituted by 1 to 5 

JO - - substituents Independently selected frpm Imogen, nitro, amino, a^do, pl-6-alk02Qr. 

Cl-6-alkylthlo, Cl-e-aHsyl and Cl-6-haloaikyl. 

The term "alkylthio". as used hereto, is defined as taduding -S-R^ groups 
wherein represents an alkyl or a cycioalkyl group. Non-limiting examples are 
methyithio. ethylthio, propylthio and butyltolo. 
15 Hie term "heterocyde". as us^ heijein is defined as Including an aroxxiatic or 

non aromatic cyclic alkyl. alkenyl, or alkyoyl moieiy as defined above, having at least 
one O, S and/or N atom Interrupting the caiiM>cyclic ring structure and optionally, one 
of the carbon of ttie catbocydic ring structjire may be replaced by a carbooyL Non- 
limiting samples of axx>matic hetttocydesjaie pyridyl, iuryl, pyrroiyU thienyl, 
20 isothiazoljd, lmida;K>]yl, benadmidazofyl, tetbzofyl, qulnazollnyl, quinolizinyL 
xiaphthyridii^ pyridazinyL pyrimiiHiiyl. pyraatayl, quinolyl, isoquinolyl, 
isobenzofuiai^l, benzothienyl, pyrazolyl. indotyl. iudoliztoyl. ptirinyl, isoludolyl. 
carbazolyl. thlazolyl, 1,2,4-thiadiazolyl. thieno(2.3-b)furanyl, furopyraiqrlt 
benzofuranyl, benzoxeplnyl, isooxaijblyl. oxazolyl, thianthrex^l, benzothiazolyl, or 
25 benzoxazolyi, cinnolinyl, phthalarfnyL qimjQxalinjd, phenanthrldinyl, acridinyl. 
perlmldlnyl, phenanthrolinyl. phenothlazinyL furazanyl, Isochromanyl, indolinyl, 
xanthenyl, hypoxanthlnyl, pteridinyL S-azacytldlxi^, S-aaeauracilyl, triazdopyrldln]^ 
imidazolopyridinyl. pynolopyriniidinyl, and pyrazolopyrimidinyl optianallsr substituted 
by alfcyl or as described above foac tl^e alhyJ groups. Non-limiting ocamples of non 
30 aromatic heterocydes are tetrahydrkuratwL tetrahydropyranyl, {siperldinyl, piperldyl. 
piperazJnyl, imidazoUdinyLmorpholtao, morphol^ l-oxaspiro(4-5)dec-2-'yl, 
pyrroHdinyl, 2-oxo-pyrrolidiEyl. 8-thla blcyclol3.2-lJcydooctanyl, 1,4-dithiepanyl. 
tetrahydro-2H-tbiopyranyl. azepanyl, azocanyl, or the same which can optionally be 
substituted with any suitable group; induding but not limited to one or more moieties 
35 sdected from lower allQ^L or other gkmpa is described above for the alkyl groups. The 
term "heterocyde" also indudes bic^cllc, .titcydic and tetracydic. spiro groups in 
which any of the above het^cydic pngs is fused to one or two rings indqE>mdcntly 
sdected bom an aryl ring, a cydohexane itcig, a cydohexaie ting, a cydopentane ring, 
a eydopentene ring or another monocycUc Ueterocydic ring or where a monocydic 



runr AM^^•7^TT io ADO 10. rt^ 



AllSDRUCKSZEIT. 18. APR. 12:34 



10 



15 



20 



25 



30 



35 



heterocyclic group is bridged by an alliylea^ group, sudi as quinudidinyl. 7- 
azablcyclo(2^.1)heptanyi. 7-oxabi<yid.o{2.2ll)hqrtaiiyL 8-a2abIcyclo(3.2.1)octanyU 

The term lieteiXKgftle-allsyl'', las us^d herein, represents a group of the formula 
-R7-heterocycle in which r7 is Cl-12- straight or branched alkylene. Non-Hmiting 
examples are thiophenemetbyl, tfaiopheaethyl, pyxldylmethyl and pTrtdjrlethyL 

Tbe term '^haimaceutically acceptable salt" according to the Inventloa 
Includes thezapeutlcaOy active, non-ltaxlc b ase and acid salt fornos vtthitti the 
compounds of fiumula I are able to ^orm.* 

ibe acid addition salt fonn of a con pound of fioimula I that occuib in its free 
form as a base can be obtained by ti:eating the free base with an appropriate add Sudi 
as an inorganic add, for ecample. a hydrol lallc such as hydrochloric or hydrobromic, 
sulfuric nlblc. phosphoric and the like; or an organic add, such as. for example, 
acetic hydroxyacetic, propanoic, ladle, pyitivic, malonic. succinic, maleic. fuznaiic. 
malic tartaric citric, methanesulfotilc eth anesulfonic benzenesulfonic p- 
tohienesulfonic cyclamlc salicylic ^-aminosalicylic pamoic and the like. 

The compounds of formula I^:oiitaiiilng acidic protons may be converted into 
their therapeuticaUy active, zion-tmJc base additi^ e.g. metal or amine 

salts. 1^ treatment with approprlatel!organj c and inorganic bases. Appropriate base 
salt forms include for example, amxiaoxiiui]! salts^ alkali and earth alkaline metal 
salts, e.g. liOiSmn. sodium, potassium, tda^ jaeslum, calcium salts and the Bke. salts 
with organic bases, e.g. N-methyl-Dfglucaninc hydrabamine salts, and salts voith 
amino adds such as. for example, airglnlnc tysine and the like. 

Conversely said salt forms cJn b e o jnverted into the free forms by treatment 
with an appropriate base or add. 

Compotmds of the fixrmulaljmd IheSr salts can be in the form of a solvate. 



whidi is induded within the scope c f the 
example faydrates. alcoholates and t le lille 



of formula I 



Some of the compounds 
least one stereogenic center in their 
in a R or a S configuration, said R 
rules described in Pure Appl. Chem 

The invention also relates to 
dlastereomeric forms of the 
possible mixtures of stereoisomers), 
inte n d e d to encompass that 
mixtures thereof unless the particvLlar 



and some of their intermediates have at 
struct! ire. This stereogenic center may be present 
aji4 S , potation is used in correspondance with the 
|45|jl976) 11-30, 

all steijeotsdmeric forms such as enantiomeric and 



FMPFANGS7FIT IR APR H-rtd 



present invention. Such solvates indude for 



compouiids of prmula I or xEiixtures thereof (including all 

Reference to a compound or compounds is 
compound it l jach of its possible isomeric forms and 
isc znerlc form is referred to specifically. 
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Some of the compounds of fodnula 



forms althou^ not ej^licity, indicated iii t le abijve formula, are intended to be 
included the scope of the present myentlqn. 



may also exist in tautomeric forms. Such 



Hie invention also includes TJrtthl4'iits scope pro-drug forms of the compounds 

sub-groups. 

ndudes compoimd fonns ivhich are rapidly 
according to the invention^ for esample. 




of formula I and its various sub-scopes anc 

The term "prodrug as xised h 
transformed in vivo to the parent 
by hydrolysis in blood. Prodrugs are comjpounds. bearing groups vrtUch are removed by 
biotransformation prior to exhibiting thdt : jharmacolpg^cal actioii. Such groups 
indude moieties -which are readily deav^ ii vivo from the compound bearing it 
which compound after cleavage remains jpr becomes pharmacologLcally active. 
MetabolicaUy deavable groups form a, class of grpups well known to practitioners of 
the art. They include, but are not limited||tc i such groups as alkanoyl B.e. acetyl, 
propionyl. butyryl, and the like), unsubstit ated and substituted caxboc^dic arqyl 
tsudi as benzofi^. substituted benzpyliand 1- and 2-naphthayi), alkoag^carbonyl (sudi 
as ethosgrcarbonyl}. trialkylsllyi (suchpls )Ln^^ and triethylsilyl). xnonoestOTS 
fbrmed with dicarboxylic acids (such as ^iiccin^, phos[diate. sul&te» sulfonate, 
sulfonyU sxdfinyl and the Bke. Ttie compounds bearmg the metabollcally deavable 
groups have the advantage that they ma^j^di^^ improved bioavailability as a result 
of enhanced solubility and/or rate of absji ^ 
by virtue of the presence of the metaboUc! 
'Pro-drugs as Novel Delivery System".! Vt 




ktion conferred upon the parent compoxmd 
deavable group. T- Higudii and V. Stella, 
4 of^e A,C.S. Symposium Series; 



"Bioreversible Carriers in Drug Designs edt Edward B. Roche, American 
Pharxnaceutical Association and Pergam^ 1987. 

Preferred compounds accordidg tQ'4ie inventiim are compoimds of formula I 



(I) 




thereof wherein 



or a phartnaceutlcally accepta|>l 
r1 is alkyi or C3-7-<ydoaniyl, . 
r2 is C3-7-cydoaIkyl, 
r3 Is hydrogen, Cl-4-allsyL h^omi hydroxy, alkoxy or amino* 
or R^rS is a C2-4 alkylenc tsribglni^gro^^ 
is hydrogen or alkyU .[; 
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is C3-7-eydoaIl!^. aiylalfcyji oi 
or NR*r5 is a heterocyde. whjjch w be^substituted, containing only one 

naijMii or' :ontaining im> heteroatoms ixlierein 



heteroatom which is a nitrog 
one Is a nitrogen atom and tUe: ot^ 

with the proviso that when r4r3 
QTcloallfyl. 



is a 



non-oxldJzed sulfur atom, 
\k 'an eSiffflene bridging group. r1 Is a 

if : 



ComblnatlQns of one or more ^tlfcab prtferred compound groups are 
especially piefieired. ^ 



Ft^erabty. Rl is C3-4 alkyi oilCSl^ 



from the group of cycIopropsrU isoprqpyl, 
and cyclopropyhnethyl. Z 

li 

Prrferably, r2 is C3-4 cgrcdoaj^. 
cyclopropyl or cydobuiyL 



Preferably, is hydrogen. ni£itlQ(t 
amino or methc2Qr. 



In preferred embodiments R^jl^ il 
ethylene, propylene and butylene 

■■ I 

3 



2S methyL 



Prefeieibly. is hydrogen or 



Preferably. R5 is 2-(2-thienyl) 
pyridinylmethyl, benqd. 2-{methylsi 
2-nitrobenzyL 3»5-*bls(tzifluoroxnetU 
cycOoheptyl, 4-medqrlcyclohe2qrL or 



bi other i»referred embo 
azocanyi. 3,5-dimethyH-piperldirorAc 
OiydroiQr(diphenyl)methyl)-l-piperldJ 
difluoro-l-piperidinyl, 4,4-dimethyl- 
piperldinyl, 4-carbo3Csr-l-piperidinyL 
ethoxycarbonyl-l-plperldinyl, 4-ethy] 
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ieterdcycle-aJkyl, 



cyclrallorl. more preferably is sdected 
iti^ob^lyl. qrdopenl3rl. 2-ni6(]]yl-<^dkipropyI 



aiore pireferably is selected finm 

i> I * !i 




pthyl| a d atom, a F atom* a Br atom» 



I 

i 



an al^lene bridging groi^ selected ftom 



. bl-k ilkyi;]more preferably R* is hydrogen or 

I 
I 

2-fxuiylmethyL 2-thienylmethyl, 4- 
l>en^, 2,6-difluorobCT23^ S-fluorobenzyl, 

3.5j-difiuoroben2^, cyclohejiyl^ 
ieny||thy!. 

^R^jjis 1.3-thia20lidln-3-yL l-azepanyl, 1- 
methoxyphenylj-i-pipertdinyl, 4- 
^rifhlpromethyl)-!'^^ 4,4- 
1din:W, 4-amido-l*piperidInyl, 4-benqrt-l- 
.o-4-]|henyH-piperidixvL 4- 
bridiWl, 4-ethyl-4-methyl-l-piperidlnyL 4- 
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hydrojy-l-plperldlnyi, 4-hydroay-4-p; jeni^l-l-piferidinyi. 4-hydiicBq^ethyl-l- 
plperldlnyl. 4-xnethyl-l-piperidiiiyl. ^m^hylenA^-piperidlnyl. 4-one-l-pipeEidiDyi. 
3,6-dihydro-l(2H)-pyridinyl. 3-azabi||dot3.2.1l|ct-3yl. 4-pyrldinylmethyl. 4- 
thlomorphollnyl. 2-one-l-a2epanyl, 4i^<ihydro|2(lH)-isoquliiollnyl, 1,4-dtoxa- 
azaspiroI4.Sldec-8-yl, 1,3,3-trlmetbyf^- 
isoqtiinolliryl or 8-azasplro[4.5Idec-8||L 

Most preferred ccnnpouiids ; 



;-g2atoicy^lol3.2.11oct-6-yl. octaliydn>-2(lH)- 



I 



e-(l-azepanyJ)-N.2-diig^pro|^^^^ N-I6-(l- 
10 az«panyB-5-cbloro-2-^gidtopro 



bromo-N,2-dicydopropylpfyrta^^ 6-( 
pyiimidinaniine; 6-{l-azepanyl)-N^.2^^ 



15 
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l-yl-N-cydiopropyl-2-lsc^opyl-5-me^yil^^ 



-azepaiiyl)-N,2-dicyclopropyl-4- 
r-aoxlne; 6-Cl-azepanyl)-N 



cyclopropyl-5-methyl-2"(2-methyl 
dicyclopropyl-5-methyl-4-pyiiinii 



ppyfl 



i-4ii>yriiiaclii3La^ 6-(I-azocany])-N,2- 



j; N.2-dicyclopropyl-5"methyl-6-I4- 
(trifluoromethyl)pipeiljdin-l-yllpy^ N,2-dicyclopropyl-6-(4.4-dJflu0ro-l- 
plperldinyl)-S-me1iiyl-4-pyrinQddina^ k.2-di^opropyl-^(4,4-d^ 
piperldlnyl)-5-methyl-4-pyriinidS^^ 



met±iyl-^-pyrimidiTiamine; N,2*diQrd| 
pyxImidinaxDlne; N,2-dicqrdopropyl-^ |ie|hyl-6- 
pyximidiziaxnln.e; N-cydopropyi-S-mej iiyl|2-(2-iil| 



ipropyl-6-(4-ethyl-l-plperldliiyi3-5- 
yl-6-(4-meai:^-I-pipcridixiyB^ 
-iriethyl-l-piperidJny!)-4- 

Lcyclopropyfl-6-(4-methyl-l- 

piperidSii^)-4-p[yrlinldinaniixie; N.2-d||ydaprop3|-5-me^^ 
piperldlnyl)-4-pyri30cUdinaxniae; ^ 
methyl-^pyilmidmaiiiiae; 6-(3-a2ab|yclLl3.2atoct-3 
4-pyiiiiiidi2iamine; N,2-dlcyclopropyi|bi«thyl'^l^ 

N.2-dlcyclopropyl-S-me1iiyl-^^4-tM6||ia^ N*,2- 



dicyclopTOpyi-N^-(2,6-dJfluaroben3zyli^^^ 



N6-cyclopropyl-2-(2-methylcycloproi 
meftliyl-N®-(4-metliylcyclohe3£yB 




ie-4,6-diainine; N*,2-dlqrclopropyl-5- 
lecijiainine; 6-(l'a2epanyl)-N-cyclopentyl- 



2-cyclopropyl-5-met33yl-4-pyrimi^^ 4-az|pan-l-yl-2-cyclopropyl-5,6,7,8 
tetrahydro-pyTidot2,3-dlpyniiiidine aft' 4^ [-l-yl-2-cyclopropyl-6,7,8.9- 
tetirahydro-pyiiinido[4,5--b]a2epine, o| pharmacy atical 
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The present taventkm omcecnis! 
formula I. 

The following process descii^ 
jllxistrattve maimer. Other altematii| 
apparent to those sldlled in tbis art.| 



dsarmac^liticaDy acceptable salts thereof. 

ies for preparing tibie compounds of 



so proGE 



[sets foMi certain synthesis processes in an 
or azldogous methods will be readiJ^y 
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A. According to one embodinilEit compi 
Trtierein r3 = h, alkyl. halogen, alkoci \r or hy< 
compound.of formula n wherein r3 J H, alhyl, 
aiiime of formula in according to thc| iquatiQa; 



1^ 



N 
(10 



This reaction may be carried '.i 



d 





ds having the general formula I 
xnay be prepared by reaction of a 
logen, alkoxy or l^ydroa^ wifh an 



It without 



lolvent in the case of high-boiling 
point amines of formula m or in a h^-b^fling Mtat alcohol (e.g.: l-methoxy-2- 
propanoQ as solvmt In the case of Sil| :d or low l iiling point amines ctf formula ni, 
between 80 and X30 



Conq>ounds of formula in 
under any conventional methods knc mtoUie] 



Compounds of formula H wfai 
may be prepared by reaction of a 
halogen, alkoxy or hydroxy with a 
equation: 




This reaction may be carried 
solvent between 30 and 60 ^C. 



1Q ADD 10.^4 




Ly available or may be prepared 
on skilled in the art. 



allcyl, halogen, alkoxy or hydrosy 
of j^rmula IV wherein r3«h, aJkyl. 
of formula V according to the 



Ivent or In dicfaloromethane as a 



Compounds of formula Vare[ ommercia ^available. 



Compounds of formula IV whq rein = allQri, halogen, allawy or hydroocy 
may be prepared by reaction of a coi dc pound of Itnnula VI whereto r3 = H, alkyl. 
halogen, alkra^ or hydros^ iwlth pbc stjhorus ca|chloride according to the equation: 




10 
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(VI) 



This reaction majr be carried 
presence of one equivalent of N,Pf-dife#iylanSlin( 
G.P,. Gough DJL, Aust. J. Chem. (1 a|0), 43, 7; 
Scartoni v., Lucacchlni A., Farmaco 

Compounds of formula VI wlL^ein f 
may be prepared by reaction of a coiwoimd of 

fonnxda vm wherein r3 = attyU 
according to the equation: 



X 



(VII) 



This reaction may be carried 
or ethanol, to tbe presence of 2 equi^lents of 
20 and 80 as descifbed in: Gershon 
(1964), 7, 808. 



phosphorus oxychloride in the 
described in: Evans RF-. Savage 
740 or in: Blagl Gior© I., Livi O., 
1-66, 

, alkyl halogen, alkoxy or hydroxy 
irmula vn with a diaDcylmalonate of 

or hydroxy and = Cl-4-allcyl 



25 



Compounds of formula VHI a n Jconunerc iaUy available. 



Compounds of formxda VII ai ^ comijierd hly available or may be prepared froin 
the corresponding nitrile IX accordii to the eqi latioiL: 



— =N 
(IX) 



(VII) 



ollc solvent, fisr example mettianol 
sodium as a base between 60 
, Scala A., Rodin R.» J. Med. Chem. 



r.-i 



I 

1 

MI0F\Dliri^07CTT 1ft &Pfi 1.0.-^^ 



20 



This reaction may be carried 
Jespersen Tetrahedron Lett (1994) 



cut as desc Hbed in: Moss RJL. Liu W., Krogh- 



B« According to another 
wherein = NH2 may be prepared 
formula l-A according to the equatlc^ 



embodiment, 




carrSedgGjiitby 



10 Ttiis reaction m^ be 

person skilled in the art, for exampi 
presence of ammonia as described 
833-848. 



1^ Conrpounds of formula I-A 

compound VI \vfaerein b NO2 



Compounds of formula VI ^ 

the corresponding compound 
to the equation: 




R'" ^tr ^OH 
(VI)w(thR«aH 
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as 

I, 34, 602^-6028 



expounds having the general formula I 
of the corresponding compoimd of 



N 



any Conventional method known to the 
iqueous sSdium dtthionite in dloxane in ttie 
Caiorvataj. et at, J. Med. Chem. (1999), 42. 



foUpnMng 



wherein 



of formikla VI 



(Vn with 



This reaction ms^be carried 
25 between 30 and 40 as described lb 
(1999). 9. 967 or in: Bagli J. et aL. J. 




may be prepared from a 
ceduxe described In A. 



= |g O2 may be prepared by reaction of 
r3 = H iwith nitric acid accordirig 




using ft icnirig nitric acid in glacial acetic acid 
Beck J.P let al.. Bioorg. MM. Chextu Lett 
Vied. CHex L (1988). 31. 814. 
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,1, {I 

C Accordtag to another embodiment compounds having the general formula 1 
wherein « Br may be prepared byi'brominatlJli uelng N-bromosucdnimide CNB3) of 
a comqpound of formula I wherein R^,* H acomi rag to the equation: 

i 1 




This reaction may be canied <mt in dbloiSsfonaL as desoibed in: Chen C, 
Da^iino R.. De Souza E.B., Qilgoi1ai|ls. D.E.. H lang CO.. J. "Med. Chem. (199Q 39, 
4358-4360. i- 

I 

'i I 

D. According to another embcidlment, compounds having ttie general fianmila I 
whez^ r2r3 fs an aSkylsne bildgbig group off ormula -(CH2)n-CH2-. wHh n - 1-6 
may be pxepared by reacHozi of a compound of i prarula X ix4ierein n ~ l^B vdth an 
amine of formula m according to tiielequatloiu 



(X) 



HNR«RS 
(III) 



ns1-e 




I 
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This reaction may be canied ieiut witiiouil solvent In Hie case of higlti-boOiiig 
point amines of formula IE or Jn a hijjh-bofling alcohol te-g.: l-metho3y-'2- 
propanol) as solvent in the case of sc^d or low upiUng point amines of formula m, 
between 80 and 130 **C- jj || 

D. 1 Compounds of formula X wherein n = 2*6 may be prepared lyy beating a 

compound of formula IV whef;eln R^. lep^gesents -CH2-(CH2)n-N^2 ^^Sx n = 2-6 
according In the equation: 

(IV) with R3 - -CHs-tCH^^n-Ni^ 




k IIAH rXIIAI/ r T T A t\ Ann 
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This reactkm maybe canned out in a higli 
niefliox7-2-propanoII as solvent, betweeu 



-boUlng point aloAiol (e.g.: 1- 
120 and 140 "C 



Compounds of formula IV wherein r3 rej resents -CH2-(CH2)n-NH2. vnxtx n = 
2-6, may be prepared by reaction of a co: apound of formula VI Mfcerein r3 
represents CH2-(CH2)n-NHBoc wtthn =|j2-6, vrtth phosphorus os^cbloilde 
according to the equatioo: 



OH 



NHBoc 



(VI) wKh FP - -CHflCH^-JNH^ 



nB2-e 



(IV .with Ra=^|^CHg)„-N»^ 



This reaction may be caitied out to boUii g phosphorus wgrchloiide In the 
presence of l equivalent of N,N-diethylai|line as desciibed In Evans RF.. 
Savage G.P,. Cough DJL, Aust. J. Chem 
Gior^ I.. Livi O., Lucacchini A,. Fannaco 



i(1990). 43. 733-740 or to: Blagl G.. 
(1997). 32. 61-66. 



Compounds of fonnula VI whereto r3 rej presents -CH2-(CH2}n-NHBoc. with n 
= 2-6, may be prepared by reaction of a <|)inpound of fiwraula vn with a 
dlalkytanalonate of fommla Vm wliereto 
with n = 2-6. accordtog to the procedure 



represents -CH2-(CH2)n-MHBoc, 
lesdibedhiA. 



Compounds of fonnula Vm hereto r3 r Lresents -CH2-(CH2)n-NHBoc wiQi n 
- 2-6. maybe prepared by reaction the oL^spondtagcon^ of formula 

vm Whereto r3 = H With a compound of lunula XI wher^ L is a leavtog 
group accordtog to the equation: 



(XI) 



(VIII) with R3 = H 



starting ftom 



This reaction may be carried out 
leaving group L (e.g.: halogen, megrlate) 

FMPFANfiS7FIT 1ft APR XO-'U 



r]]n 

NHBoc 

(V«|) with = CH,-(CHa)„.NHBoc 



protected alkyi amines bearing a 
a an alcoholic solvent for example 

AM0l\0llrl^O7rTT irt Ann 4a 
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equivalents of metallsc sodium as a 



methanol or ethanol, In the presence of! 
base betvreen 60 and 80 ""C. ' ' | 
Compounds of formula vm are canunerckally available. 
Compounds of formula XI may be prepaobd by any conventional methods 
known to the person skilled in the art. 




D.2 Compounds of formula X wherein n = l Soay be prepared by reaction of a 
compoimd of formula Xn 'with phosphorus oxychloiide according to the 
equation: 

""-^ - ■ 

I 




Ihis reaction may be carried out in bollii ^ phosphorus oxychloiide. 

Compoimds of formula XS may be ppepa jcd by reaction of a coznpomid of 
formula Vn with 2-ethajy-^,5-dihydro-3M-i)yrrol^ add ethyl ester 

(Xm) according to the equation: 



fvin " A • 



(XIII) 




(XIJ) 



Tills reaction may be carried out in an al loholic solvent, for example methanol 
or ethanol, in the presence of I equlvaler I of metallic sodium as abase 
between 60 and 80 ^C as described in: Girshon H.. Bratm R.. Scala A., Rodin 
R, J. Med. Chem. (1964), 7, 808 and in: Branlk V.G., Glusblcov FhariDL 
Chem, J. (En^ TranslJ (1967). 5. 247-219. 
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2'-BthQ2gr-4. S-dihydro-SH-pyirole-d-carbq 
may be prepared as described in: Gra 
J. tEngJ. TransL) (1967). 5, 247-249 and | 
Synth. Coxomun. (1990), 2335-2d37« 



Ic add ethyl ester of formula (SD) 
'.G„ Glushkov RG., Fhami. nhp>m, 
i: Landstram K* J., Crooks S^L^, 



30 When cQxzq>ounds of formula I present 

that non-stereosdecttve mettiods of syndiesls 



os^je or several stereogenic centres, and 
used, resolution of the mixture of 



10 



16 

stereoisomers can best be effected in one or sevSral steps. Involving generally 
sequential separatlan of niijctures of dfastereonirs into their constituting lacemates. 
using preferably chromatographic separations A achiral or chlral phase in reversed or 
preferah^ in direct mode, followed bjr at least oA ultimate step of resolution of each 
racemate into its enantlamers, using most prefelably chromatographic separation on 
chlral phase in reversed or preferably in direct iode. Alternatively. 
stereoselective methods of srynthests are used. 4e ultimate step may be a sepaiation 
of dlastereomers using preferably chiomatog^p! iic separations on achiral or cfairal 
phase ia reversed or prefia^ably in direct mode. J 

In another embodiment, the present Invention concerns also the synthesis 
intermediates of formula n ! 



(10 
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■whcndjx Rl and 1^2 are as defined aboveind R3is hydrogen, allg^l. halogen, 
alkoxy or iQniroi^. 
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Preferably, the ^thesis intermediates (£ formula n are selected &am the 



group consisting of 6-chlorx>-N.2-dlc7cloprppyl- 
N,2-dicyclopropyl-4-pyiimidlnamine. e-c^oro-I 
pyrimidi n a mine . 5.6-dlchlcMno-N.2-diQrclopropyl-^ 
di<a^oprop9d-5-methm7-4-pyrlmIdinaiDine. 6- 
pyrinridinamine. N-t6-chloro-2-(3-tians-metbyl 
(andopropylamine and its enantiomers. 6-chlc 



:fluoro-4-pyrlmldinamine. 6-chloro- 
;-dicydopn)pji.-5-methyl-4- 
pyrimidinamine, 6-chloro-N,2- 
iro-N.2-di(yclopropyl-5-ethyl-4- 

»ropyl)-4-pyriniidinylI-N- 
f-<grClopropyl-5-metI:gd-2-(2-trans- 



methylpyciopropyfl-4-EyrimidtnamIne. eK!hlm'o-J-<grdopr<>Ryl-5-methyl-2-(2-^^ 



methylcyclopropyI)-4-pyrlmidinamine. N-|C 
pyrimidinyl]-N-cycIopropylamine. 6-chloro-2 
pyrimidinamine, 6-chloro-N.2-dlcyclopropyl-5- 

cyclobutyl-2-cyelopropyl-5-methyl-4-pyilinidins 
isopropyl-S-methylwt-pyrijnidiijainjjie and 6-cl 

metiiyi-4-pyrlnUdtoamlne. 



fo another embodiment, the present invention concenis the following synthesis 
Intennedlate or«3rmula VH: a-inethyUycIopropalecarbojdmldamide. 

t I 



-2-(qjrcloprQpy]meth^])-5-methyl^ 
)bxi1yI-N'H:ycloprop3d-S-methyl-^ 

le, 6-chlQro-N-cycloprop3fl-2- 
'2-cytflopentyl-J>r-cyclopropyl^ 



PMPPAMftC7CTT 10 ADD 10.A>l 
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In another embodiment the -present 
inteimediates of formula VI 

OH 



5 whexeixi is as defined above and R^is alkoxy! 

Vrdta^^rihe formida VI are se^^ 



25 




concerns the ^mthesis 



30 



Idinediol, 5-chloro-2-cyclopropyi- 
'pyxtmldlnediol. 2-Gyclopropyl-5- 
-4,e-pyiixmdinedioL 5-2nethyi-2-(2- 



group consisting 2-qrdx3p!njpyl-5-fluoro-4'»6-; 
4,6-pyrioQddinediol. 2-^ciIoproEjrl-S-mcthaxy-4, 
10 cthyl-4.6-pyrlniidiiiediol. 2-(2-iaethylcyclopro 

metliylcycaopropyl)'4t6-pyi1ni^ 2.(cycloi4ojylmettiyl)-5-i^ 
pyriiDldtoediol. 2-cycdobutyl-S-methyl-4,6-pynimdinediol, , 2-cyclopentyl-5-metfayl- 
4.6-pyiiimdinedlol, I3-(2-cyclopropyM.6-dihydrlxy-pyriiiddin-S-^^ 
acid tert-butyl ester, l4.(^H:yclopropyl-4,6.dihydff03y-pyri^ 
15 acid tert-butyl ester. 

In another embodtmeott tiie present tovdptio^ concems the JToIlowiiig ^thesis 
intexmediates of formula IV: 4,6-di<±loro-2-cycaffl^ 4.5,6- 
trichloro-2-<ydopropylpyxlinidin^ 4^6-didilon>-|-<?ytilopropyl-5-Byil^ m&isyl 
20 ether, 4,8-did:iloro-2-cycloproRyl-S-ethylp^^ 4,6-dichlOTo-2-(2- 
xneth3iGyclopropyl}pyr£n]idine. 4,6-dLcidoro-5-mgthyl-^ 
methyicyclopropyBpyiiinidine, 4,6-dicMoro-2-fcjjblopropylmethyl)-5-inethy^ 
4,6-dic±loro-2-cyciobuiyl~5-methyiR3nri^ 46-dichloro-2-isopropyl-5- 
xnethylpyitmidtne, 4,6-dlchloro-2-c3rciopentyl-5-ine^ 



In another embodiment, the present iiiv^tioa concerns the following synthesis 
intermediate of forrxmla I-A: 6-(l -a2epanyl)-N.2-&(yclopropyl-5*iutro-^ 



In another embodiment, the ^present inv 
intermediates of formula X 




Ltlon concems the synthesis 



(X) 



i. iiAfk r\n Ai/ A'^r TT i f\ Ann 1*^.00 
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wfaerefn n Is 1-6 and is as defined above. 



Preferably, the synthesis Intennediates 
group consistlag of: 4-chloro-2-cyclopropyl-6.7 
4-cMoro-2-cyclc>propyl-5.6.7.8-tetrahydTO-SH-p; 
<7dopropyl-^.7,8,9-tetralqrdTo-5M-pyriinido t4. 



In another enibodjment. the present j 
Intermediates of HamndaXH 



formula X are selected from the 
drc>-5H-pyrrolo[2,3-d3pyTiimdme. 
ioI2.3-cflpyTlinldine, and 4-chloro-2- 
S-b] azepJne. 




v4ierein is cycloaUcyL 

Preferably, the ^thesis intennedlate of 
dihydro-5H"p3rrn>lol2,3-d]pyiainidia-4-dl. 

I 
I 

It has now been found that compoudds 
acceptable salts are useful in a variety of phs 

For example, the compounds according 
treatment of respliatoiy disorders in connedUoi 
Pulmonary Disease (COPD), 
These compounds may also be used for trea^ 
as chronic bronchitis, emphysema, cough, ^the 
also cystic fibrosis^ pulmonary fibrosis, adullt: 

and asiTiTTtg- i 

1 

; I 

Preferred compotmds have antagonist i 
muscarinic receptor at concentrations ran^ng : 
incoEporate acUviiy as selective phosphodie 
concentrations rangbag from 2.5 uM to almokt I 
recogniize the ml, m2. m4 and mS receptors wit 

Preferred compounds have been jiroven 
contraction of guinea-^pig trachea in vi^. 1 



itLon concerns the synthesis 



(XII) 



formula xn is 2-cyclopnIpyl-6p7- 



f ormula I and their pharmaceuticany 
iceutical indications, 
the invention are useful for the 
ith the Chronic Obstructive 



>toms related to disordexB such 
r directly linked to COPD or not. and 
atoxy distress syndrome, rhinitis 



Lty against the human m3 
100 nM to almost 1 nM and 
le IV CPDB IV) inhibitors at 
nM. These compounds also 
variable receptor subtype selectivity, 
antagonise carbac&oMnduced 



In addition the compounds according to j 
treatxnent of the following symptoms which *are : 



invention may be used hi the 
f^ted to PDE IVor M3: 



18 

PDEJV-relafed 

Amongst PDEs, PDE IV is highly selective for cAMP- Foxir htiman PDE IV 
subtypes have been identified, with distinct, tissie and cellular distribution. PDE IVA 
appears to be distributed ubiquitously. PDB TV&is expressed in heart, brain, skeletal 
5 muscle and lung. PDE IVC is abundant in neuronal tissue but is absent &om Immune 
and inflammatoiy cells. PDE IVD is abundant ix]|immune and inflamioataiy cells. 
Fimctional eflfects sticfa as tliose associated xrtt&:ga8tiic add secretion, re1a?catfan of 
the myometrium, bronchorelaxatlon and diuresis in the kidney have been attributed 
to the effect of PDE IV inhibition. This argues Innavour of the interest of such 
10' approach for treating GI disorders; kidney dt^sfujaction. resptratoiyand-inflaTmnatoiy 
dlsord^s. 

Furthennore. PDE IV may also be x>f blolegjLcal significance and therapeutic 
relevance in CNS therapeutic indications such as depression and dementia. Tbe 
hypothesis Is that enhanced cAMP availability ijmduced by Inhibition of PDE IV 

15 stimulates the increase in noradrenaline function produced by classical 

antidepressants such as imipramine at the postisynaptlc level (Wai^tel H.p 
Phaimacop^chiatzy [1990), 23, 27-32). Denbumline has also been shown to increase 
CAMP in cortical slices* indicating a potential in ihe treatment of cogDitive impairment 
(Mdiolson CD.. Psychopharmaccdogy (1990). IC 1,147-159). 

20 In addition, the PDE IV enzyme may also be a potential target for antirancer 

therapy, due to its lnbibitX)X7 elfect on tiupyopr » ammrnnannR., 
Eisenbrand G., Cancer Res. (1993), 53« 3058-3o|51), and PDE IV inhibition msy be 
beneficial in tissue transplantation (plns^ D., Qz M.. Morris J. Clin. Invest (1993), 
92, 2994-3002) and for cardiovascular diseases mcluding atherosclerosis and 

25 hypertension CDemouIiou*Mason C, Exp.,Opln. pier. Patents (1994), 4, 813-823). 



M^-relateci 

Lower urinary tract disorders: 
Tbe parasympathetic nervous system is ' 
30 the detrusor smooth muscle of the urinary bladd 
postgan^lonic chidlnerglc nerves, activates pos 
the detrusor which causes contraction of the bis 
relaxation and leads to voiding of uilne (De On 
ervous control of the urogenital system?, IJifeg 
35 Publishers, Amsterdam, (1993), 227-290).' E^oth 
e?^iessed in the smooth muscle of the bladder 
Science (1999), 64, 419-428). Muscarinic m3 rei 
the contractile effect of Acetylcholine (ACh) iut 



principal excitatoiy innervation to 
. Acetylcholine, released firom 
Jtmctional muscarinic receptors in 
Ider that is coordinated with ouQet 
: W.C-, Booth A.M.. YoshJnmra N.. In: 
CJL (Ed). Harwood Academic 
and m3 muscarinic receptors are 
jor (Hegde S.S., Eglm R-M., Life 
^ptors play a key role in mediating 
receptors may also contribute to 
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micturition through opposing the rdaxing efifect jjf adrenergic sympathetic tone. 
Prejunctional ml feciJitory muscarinic receptors anay also be involved. 

i^glng, inflammation or irrltanjts and' netiijological trauma m^ result in 
increased neive afferent and efferent actlvi^ an^ overactive bladder to become a 
leading cause of trouble presenting some s^ptcjms such as urgency and fiecjuency 
micturatlon and incontineace. | 

Hierefore, son-selective mu5caxinlc|]M3 a ntagomsts have utility in the 
treatment of bladder disorders Inchidlng uigge aiAi mixed uitnaiy incontinence, 
pj^akharia. neuro^mc or unstable bfadderi hypeirefleda and dironic <^tls 
(GlinjergP.G., SundqulstS.. Mhrebrant L.. ^ur. J. FliannacoL (1998). 349. 28S-292: 
Schwantes U.. Topfinder P., International Jpunial of Clinical Fhaimacology and 
Hierapeutlcs (1999). 37. 209-218; Anjiersscin K.L et at. In: "Incontinence. Ist 
International Consultation on Incontlnenoe|u Juiie 28 - Juty 1. 1998 - Mtmaco", 
Abrams P„ Ehouri S.. Wcin A.. Les Editians!vjn^ et Un. Paris. (1999), 447^8). 



Gastrointestinal disorders: ' r | 

ContractiUly of the smooth musde ck the ^trointestinal tract is under Oie 
control of para^naqwtheUc tone and Acetyl^olfflie (ACh). Conbactiim of the intestanal 
smooth mnsde is pilncipaHy dependent upon activation of muscarinic mS receptors 
allfaough stimulation of m2 nmscatinlc rec^toral might synocgize with mS-mediated 
responses (Sawyer G.W.. EWert F.J., k Ph Jmacjal. Exp. TTicr. (1998). 284, 269-277). 

Gastric secretion is also unde^ the Control of the parasympathetic nem)us 
system. Secretagogue efiect of ACh dcipend on dp activa.tion of post-junctional mS 
receptors whilst ml receptors locatedjon th^.posl-^ngllonlc nerves of the n^enterfc 
plexus have a fecilatoiy role on the psiraqropatl^tlc nerve activity. 

Thoefcffe. and mj muscaijinic receptor antagonists are potentially useful 
for treating gastrointestinal disorderslassodated jwith intestinal hypermotllity such _ 
initaMe bowel syndrome, spastic coli^ and! div^ulosis (Wallls RM.. Napier CM., 
999), 64, 395-401] and to re4ace add secretion, gastric motility, to ale 



as 



Life Science (1999), 



the healing of peptic ulcers and to trek gas^foespplaageal reflux disease and stress 
related erosive syndrome (Rademaker J.W..lHunt ILH.. Scand. J. Gastroenterol. 
(1990). 25. 19-26; Coruzai G.. Adami B^cdni G.. Arch. Iht Phannaco^yn. Ther. 
(1989). 302. 232-241). ' 



CNS - Cognitive disorders 

Hie r e l e ase of acetylcholine from ccEfi 
autojnhibitory control via m2 or m4 

Therefiire, M2 or M4 antagonists 
xna^ offer a potential approach for 



ClinrAki/«n-Tr TT in tnn 4a aj 




Cholinergic nerves is under 
autore^ptors. 

might r^uce the levels of ACh released and 
the treatment pf cognitive disorders causally z^lated 
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to a deterioration or de&dt of cortical cholinergic neurons, such as in senile dementia 
and Alzhejmei's disease (Doods H.N., Qulorion R., MQun G.. life Science (1993). 52. 



35 



1 



497-503)- 



CNS - Locomotor disoFders 

Hie nigrostrlatum has many more m4 receptors than any other tissue 
(Santiago M.Pm Potter L/n. Brain Res. (2001). 8sk, 12-20). These receptors exssrt 
ixiMbltaxy control on Dopamine (Pl) r^eptor mraiated locom.otQr stimulafion (Gomeza 
J.. 2hang L., Kostenis B.. Felder C, Bymaster F.i Brodkin J,. Shannon H., Xia B., 

Deng e., Wess J^rPtoc. Natl. Acad. Scil USA. [1999). 96. 10483-10488) — - 

HierefoB. centrally active M4 muscarlnid antagonists may have Ihe potential 
to treat PaxUnsonian's disorders and dyskinesia thought to be cau^illy related to a 
deterioration of dopaxmnerglc neurons' in the nigrostriatum (Salamone J.D., Carlson 

Correa Wisniecki A., Nisenbaum B-, Nlsenbaum L., Felder In: "Society for 
Neurosdence 30^ Annual Meeting New Orleans, Nov 2000". Mayorga et al„ (1999), 
Abstract 278.5; Mayorga AJ.. Cousins M.S,. Trevitt J.T., Conlan A,. Glanutsos G.. 
Salamone J.D., E>ur. J. Phaimacot (1999). 364. 7-1 



l< |-11)- 



CNS - feeding disorders 



Activation of muscarinic m3 xeceptDrs located in the lateral hypothalamus 
contributes to feeding btii£cviour (YamadaM. et aL. Nature (2001). 410. 207-212). 
Thereby, M3 antagonists may offer new therapeutic perspectives for the 

tceatment of obeslly, bulimia and metabolic 
CNS - sleeplxxg disorders j 

Activation of ml and m3 receptors in theinediodorsal pontine tegcaentmn 
results in a marked increased In paradoxical sleep indicating that centrally active M3 

antagonists can be uiseful for treating sleep dlsori ders dmeri L., Bianchi S., AQgeli P. 
lyDandaM., Brain Res. (1994), 636. 68^72; Sakai; 
(1997), 9, 415-23). 



K.. Onoe H*. Eur. J. Neurosci. 



te via muscarinic m2 receptors on 



Cardiovascular disorders 

The heart rate is under parasympathetic 1 
theSAnode* j 1 

Therefbre. ma receptor antagonists are ofjpotentlal value in the em£xgency 
treatment of acute myocardial in&rction where die dominant autonomic Influence of 
the heart is via the vagus nerve, causuog sinus oc nodal bradycardia (Van Zwieten 
P^, Doods H.N.. Cardiovascular Dra^ andTheiapy (199S). 9, 159-167). 



*tlAI\IMIAI/A'^rTT 



40. on 



121 



10 



15 



20 



25 



30 



35 



Thus the present inveation coxiceiihs a cc mpotmd of fannula I or a 
pharmaceutically acceptable salt thereof ^ xisej as a medicanient. . 

In a fcuUier aspect, the present iml'entlQi concerns the use of a compound of 
formula I or a pharmaceutical]^ acceptable salt i hptv^mf ^ Tpan^ifecturg of a 
medicament for the treatment of PDB W ^id/or' rdated disorders such as 
uxentioned above* * i 

M partlctdar, the present Invention condms theuse of a compound of formula 
I or a pharmaceutically acceptable salt thereof & r the manu&cture of a mi>fHrfl|nCTTf 
for the treaiment of COFD or of symp4>ms relate 1 to disorders such as chronic 
bronchitis, emphysema, coug^ cystic ^rosis. p- ilmonaxy fibrosis, adult respiratc»y 
distress syndrome, rhinitis and asthmla. ! 

Hie present invention also concerns a method for treating COPD or symptoms 
related to disorders such as chronic bron<a3dtis, emphysema, cough, cystic fibrosis, 
puhnonazy fibrosis^ adult respixatoiy distress syndrome, rhinitLs and asthma in a 

t j. ! 

mammal xn need of such treatment, compiising administering at least one compound 
of foimula I or a pharmaceutically acceptable sa] Lthereof to a patient. 

Hie term '^eatment'* as used herein indlt ides euzative treatmeot and 
prophylactic treatment. By **curatlve'' treatment i s meant efiElca<7 in treating a current 
symptomatic episode of a disord^ or condition. By "prophylactic^ treatment is meant 



^nt invention concerns a 
amoimt of a.compcmnd of formula 
concdMbciation "pvlth a phaxmaceuticalty 

I according to the Inventionr one or 



prevention of the occurrence or recurrence of a disorder or condition 

For treating diseases, compounjds 6f formula I, or their pharmaceutically 
acceptable salts, may be employed at an efiectivd daily dosage and adniinistered in the 
form of a pharmaceutical composition. • * 1 
Thcrefcxre, another embodiment of jhe' — 
pharmaceutical compositicm comprisix^ ajiii 
I or a pharmaceutically acceptable salt' thereof 
acceptable diluent or carrier. [ | 

To prepare a pharmaceutical comppsitii 
more of the compounds of formula I or; a phaimalzeutically acceptable salt thereof, is 
intimateb^ admix ed 'with a pharmaceutical diluent ca: carrier according to conveatiiDnal 
phaimaceutlcal techniques known to ike s killed l^ractitioner. 

Pharmaceutical compositions c jimj risinglcompounds according to the 
invention can, for example, be administered oralBr or parenterally, Le.. intravenously, 
intramuscularly, subcutaneously or b^ inlialatio] i (orally or Intranasally). In a 
preferred embodiment, the pharmaceutical csomp ssltions are administered by 
inhalation. \ j 

\ sMtable forloral administration can be solids or 
Ifonn of tablets, puis, dragees, gelatin capsules* 



Pharmaceutical composltioiis 
liquids and can^ for example, be in the 
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solutaons, syrups, aerosolSt powders for ir^halatlpn and the like. Pharmaceutical 
compositioixs suitable for administration 



I lly inhilai 



lUon are preferred. 



Ihe following examples are provided for iOustialive purposes. 

' 1 I 

1 EXAMPLE I: Analytical c±jaractei3zatioii of the compounds. 

Unless otherwise specified in the dacamiues, characterization of the compounds 
was performed according to the fcdlowlngipethoias: 

NMR spectra are recorded on a pKUKER AC 250 Fourier 'Dransform NMR 
Spectrometer' fitted with an Aspect- 3000 computer and -a 5 mm ^H/JL^c^dual — 
probehead or BRUKER DRX 400 FT "SmA fittecH with a S6 Indigo2 coxxq>uter and a 5 
Inverse geometry ^H/^^C/^^ tripife probehead. The compound is studied in 



mm 

DMSO-de (or CDCI3) solution at a| probe Jaempeiature of 313 K and at concentrations 
ranging flrom 2 to 20 mg/nd. The instrument Is locked on the deuterium signal of 
DM50-<l6 (cir GDCls). Chemical shifts are 0mn in ppm downfidd fromTMS taken as 

Interxial standard. * '| 

Mass spectrometric measuzement^ in LC/MS mode are perforzned as foUows: 
HPLC conditions \ 

Analyses are performed using a. Alliance HPLC system mounted with 

an INEKTSIL ODS 3-, DP 5 jim. 250 X 4.6|imn dohinm. 

The gradient runs from 100 % solvent A (acetonttrlle, water, TPA (10/90/0,1. 
v/v/v)) to 100 % solvent B (acetonitrile, water, TIfA (90/10/0.1. v/v/v)) In 7 min with a 
hold at 100 % B of 4 min. The flow^ rate lis setkt 2.5 ml/min and a split of 1/10 is 
used Just befidre API source. The djroEaatc)graphy is carried out at 30 ''C 

MS cx>nditUms 




Samples are dissolved in actetonttiae/\rafer. 70/30, v/v at the concentration of 
about 2S0 pg/mL API spectra (+ oil -) are'perfonned using a FINNIGAN (San Jose, CA. 
USA) LCQ ion trap mass spectrometer;'!APClj|source operates at 450 and the 
capillary heater at 160 C. ESI source operates at 3.5 kV and the capillary heater at 

210 I ,1 j 

Mass spectrometxic measui:emente in EI«/DIP mode are performed as follows: 

i ^ 

samples are vaporized by heating the ppbe &om 50 ''C to 250 in 5 mixu £1 
(Electron bapacQ spectra are recorded using a:|FINNIOAN (San Jose. CA USA) TSQ 
700 tandem quadmpole mass spectrmaet^. Thelsource temperature is set at 150 ''C. 

Specific rotation is recorded on a Perkiniklmer MC241 or MC341 polarimeter. 
Ihe ang^e of rotation is recorded! at 25 rc oi^ 1 *^ solutions in MeOH. For some 

m^l*>r*itiffft, the solvent is CH2CI2 <^ DMSG . due jlo.solubOify problmis. 

i 



* 

• 1 
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Water content Is deteimined using a Metrohm rQicrocoulranetrlc Karl Fischer 
tttrator. ^ 

Pteparattwe dirnmatographic separatioii are perfonned on silicagel 60 Merck, 
particle size 15-40 pm, refiarenoe 1.15111.9025) using la-houee modified Jobin Yvon- 
type axial compresston columns (80 mm- Id.), fliw rates between 70 and 150 ml/mJn. 
Amount of sllicagel and solvent mixtures km as!desctlbed in Indfvfdual procedures. 

Preparative chiral chromatograpiiic seraratlDns are perfoimed on a UAICEL 
Ctoiralpak AD 20imi. 100-500 mm column u^ an m-house build instrument with 
various mixtures of lower alcohols and C5 .to dainear, branched or qycUc aUcanes at ± 
350 ml/min. Solvent mixtures are as desiirtbed Sp individual procedures. 

Melting points are determlne<^ on "a BQchl 535 or 546 TottoB-type 
fusionometre, and are not corrected. or=i: 
DSC 7. " ! 1" 

i 

Unless specified otherwise fai the epmpl^. the compounds are obtained in the 
neutral form. 



the jonset temperatuie on a Feddn Rim ^ 



i. 



2 

2.1 



■;i 



EXAMPLE 2: Synthesis of amidtnife of formula vn. 
Synthesis of 2-metl)yk^(qHropai:d^caibox Itzlle 1. 




To a suspension of sodium hydride (ll g, 0.28 md, 60 % in oU. washed two 
times with n-hexane) in tetrahyarirfui^ (150 ml) Is added diethyl 
cyanomethylphosphonate (45.5 g..0.25;&o]) over 0.5 h. at room tenq,eratiire. The 
mixture Is stinred 0.25 h. Propylene oxlde;!61j6.3 1 0-28 mdl) is added dropwise at room 
temperature and the solution Is stiixed.'Bpr i i then heated at reflux for 4 h. The 
mixture is cooled and ammonium chloride (115/1) is added. The solvent is dlstaied. the 
residue is pouted onto crushed Ice aad 'q^trad4d three times with diethyl ether. The 
combined otiganic layers are wa^ed vklli bine, dried over magnesium sulfete. 
concentrated (atmospheric pressure) andjj[he fiial tesidue is distilled under reduced 
pressure (76 »C. 70 mm Hg) to afTotd pi#:2-methylqyClqprqpanecaibonttme 1 (7.5 g 
33%) as an oU. , 



2.2 



Synthesis of 2^^methylcvclop^opallejsa^b ojAtTl^HaTT^ HA hydrochloride 2, 
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Gaseous faydrochloilc add 



through a solution of 2- 



pa^sed 

methylcyclopropanecarboiitrile 1 (7.5 g,|92 mmol) In ethanol (8.5 znQ at 0 ""C until 7 g 
have been absorbed. The resulting mlxtuise is kfept In the refrigerator for 48 h. Ethanol 
(ISO nd) is then added and gaseous aixu|Flpnia m passed through the solution at -S ""C 
for 4 h. The sohrent is evaporated In v^fhio. Hydrochloilc acid In dietb^ ether (3 N 
solution. 3 ml) Is added and the solutio^ljs coifibentrated and dried In vacuo to afford 
2«methylcydopropanecazbQXlmidainide l|pdroGi]|[oride 2 (6.15 g» 50 %) as a paste that 
is used 'Without further puiiflcatlon. 



3 

3.1 




CXAMPLB 3: synthe^aof 4,6-p37iEtaddiri^ derivatives of foxnixila.Vl..^ 
Synthesis of 2-<gidoproiyyl-5-fluo^074.^ 3- 




|.in methancd (50 ml) under a nitrogen 
chloride (3.40 g. 28 mmol) is added 
'temperature for 0.25 h, then filtered 



Sodium (646 mg, 28 mmol) is di|^ 
atmosphere. Cydoi * ^ 

in one portion. The mndture is stirred as^xoc 

upon hyflocd. Tte ffltrate is concentraSied Inijvacuo, This free base is added to a 
sohation of sodium (1.29 g. 56mmo]^|: in |jiethanol (50 ml) under a nitrogen 
atmosphere, at room temperature. DlethylSuorbmalonate (5 g, 28 mmol) is added and 
the mixture is stirred at 60 °C for 5 h.fjfhe soJvTent is evaporated and the yellowish 
solid obtained Is dissolved in 60 ml of wjacter. Tne pH is adjusted at 6 with a S N HCl 
solution and the white precipitate fbtmeA js fflt&ed and diled. 2-cyclopropyl-S-fluoro- 
4.6-pyxiniidinediol 3 (3.6 g» 76 %) la obta|aed M\ a white powder and used in the nead. 
step without further puilficatian. h |; 

ik, 4H)| 1.83 (m, IH), 12.1 (bs. 2H). 



1h nmr (250 mtz, rmso): 0.95 



Compounds described in table 1 



ithesized in an analogous way. 
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Table 1 


1,1 

1 


• - 


4 


2-cycIopropyl-4.6-prrlxnidiiiedioI 


Patent Gelgjr 1966. NL6513321 


5 


2-cyclopropyl-5-metlg^Ht,6-pyilrDidinedx^ 


MfCM+O: 166 

PI 


6 


5-cUoro--2-<:yGlopiopyl-^<6-pyriiDidiziediol * 


M|(M+): 187/189 


7 


2-cyclopropyl-5-methoxy-4, 6-p3^riniidinedlol 


MS (M+0: 182 

111 


8 


2-cyc]cpropyl-5-ethyl-4.6-pyriinidinediol 


m| CM^O: ISO 


9 


2-{2-methylcycIopropyi)*4.6-pyiim1dlnedlQl^' i 

'J 1 
» 1* 

I* \ 


li 


NMR (2S0 MHk. DMSO): 0.83 Cm, IHD, 
1 (d, 3H). 1.18 (m, IH). 1,38 Cm. IH). 
I (m. IH). 5.03 Cs. IH) 


lO 


5-methyl-2-(2-methylcyclopropyB-^.6- ijj | 
pyrimldlnediol jj j 




(MHf*1: 181 


11 


2-(cyclopitipylmethyl)*5-methyl-4,6- J 
pyrtaHdinedKil | j 




(MH*3: 181 


12 


2*cyclobu1yI-5-xD€thyl-4.6-pyrSmidinediol ^Hi 




(M+-): 180 


13 


2-lsopxopyl-5-methyl-4.6-pyninldlnediol ^ |j 


m| (MH+I: 169 


14 


2-cydlopent5^-5-methyl-4,6-iOTiniidlnediol*^^ || 


m| (M+O: 194 


IS 


I3-(2-cyclopropyl-4,6-d3hydroxy-pyrimidln-S^ 
yl)-propyl]-carbamic acid tert-bulyl ester 1 


M|(MR«7:310 


16 


[4-(2Karclopropyl-4«6-dihydroxy-pyrimidln'S!^ 
yQ-bulyI]-carbainic add fiert-bu^ edter i| | 


m 


|(MH^):324 


3.2 Synthesis cif S-eydopn^tg^-S-nitn^ 

1 

Qlacfal acetic acid (90 mO is addi^ 
solution is warmed to 30 ^^C and 
added In portions. Tbe temperature is m 
mixture is poured onto crushed ice and m 
10 vacuo. Methanol is added and the precii^ 
S-iittro-4.6-pyrsmidinediol IT (39.8 g. sl 
^thout further puxlflcaticn. ^* 

TOS CM+-): 197. {1 

I 

PMPCAMfiCTCTT Ift APR 10 . A/ 


NO, 
pH 

I to fi 

ered. 
lie is 

[%) i£ 

\ 
I 

1 


liiiiidlnedfol 17. 

1 

1 

bning nitric acid (40 ml) at 0 ^'C. The 
[ e-pyximidinediol 4 (35 g, 0.25 mol) is 
etween 30 and 40 *C- After Ih, the 
Ixe filtrate is concentrated to 50 ml in 
filtered and dried. Pure 2-K^aprDp:^- 
1 obtained and used in the next step 

AllOhOliri^07CTT 10 ADD 10.00 
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4 . 
4.1 



EX/VMFU: 4: synthesis of 4,6-dic^oropyziiDldine derivatives of finmula IV. 



Syntiiesis of 4,6-dichloro-2<«yclo|K>pyI-S-fluoit>pyninidine 18; 



OH 



3-cydcipropyi-5-flucjro-4,6-p; 




ol 3 (3.51 g» 21 mmol} Is suspended in 



phosphorus asychlorlde (15 ml). A mixture of N,N*diethylaniUne (3*08 21 mmoQ and 
phosphorus o^^chloilde (15- mQ -is adde^ dropwlse to ihe suspensionr at 0 "K^- lhe 
resulting mixture is stirred at 110 for'^ h, Ihen cooled to room temperature. The 
brown solution is poured onto' crushed ice and extracted five times with 



10 



dichloromethane. The combined organic layets are washed three times wllh a 1 N HCl 
solution, dried over magaeslum sulfate ^d concentrated in vacuo to afiford 4,6- 
dichloro-2-cytlopropyl-5-fluon>pyiimld^ ^8 as an orange oil (4.80 g, 100 %) which is 
used in the next step without further puridcatlon* 



MS CM***'): 20S/207/209. 



15 



:■ \ ■ 

Compounds desctfbed In table 2 caaa be ^yntbesteed m an analogous way. 



ill-' 

i' 



4 fS ADA 





• 

Table 2 


!■ ; • 

fe^ ■: 

• i 


19 


4,c>-fflcMoro-2-c7clopropyliQ?rlmldine j | 


:MSX^ff»■•): 189/191/19S 


20 


4,e-dlcblQro-2-<g^opropyl-5- j a 
methylpyitmidlne j j| 


•MS (Eid^O: 202/204/206 

!; 


81 


4,S,6-tri(Aloro-2H;7clopn>pyIpy]:1ix^ H 

B 


(M+-): 222/224/226 ^ 


22 


4, 6-dlcUoro-2-cyidopropyl-5-pyitmIdinyl t 
methyl ether j | 


•MS tWr*-.): 218/220/222 

• ^ 


23 


4, o-ciiciiiozx}-2-Gyclopropyl-5- 
ethylpyiUnidlne 


5. 


NMR (250 MHz, CDCI3): 1.12 ftn. 415. 
.il.2d (t 3H). 2.16 (m. m). 2.8S (q. 2H) 


24 
25" 


4p&<lichlon>'2-(2- 

methylcvclopropyl)pyriTnif^i-nf> j 


i 


eb. a 6S°C/1 nunH^ 

I i 




4.o-cucnioiio-b*niethyl-2-(2- i 
methylc^clopropyOpyrlmlcI^ * I |j] 


:ms hi**-'): 216/218/220 

' i 


26 


4,6-^cdiIaQn^-2-(c7cloiTOpyIn^^ j- | 
methylpyrinilcilne ' j jji 


i — _______ 

"MS jMH+): 217/219/221 

■'. f ■ ■ ■ 


27 


4,6-ciichlozx>-2-cycIo1>utyl-5- , ' ^ 
methylpyrjizildine | 


tias (MH*): 216/218/220 

% 1 


28 


4,&-dicbloro«2-cytdopropyl*5- • 11' 
nitropyiimidine J J. | 


ias d^ff^-): 233/235/237 

i'- i- 


29 


4, 6-diciilon>-2-!sopropyl-5-methylp3«^^ 


MS pVT*--): 204/206/208 


30 


4,6-dlchloro-2-cyclopen1yl-5- j |' 

methylpyrixnidizxe 1 | 

^ ti 1 


J>«S CM+0: 230/232/234 

• 1 
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5 

5.1 



EXAMPUB 5: synthesis of cto npowplB foimula H. 
^thesis of 6-cWoro.N.2-d4clo|5Ryl|5-fluoro^py^^ 31. 




QycioproRj^lamine (11.4 g. 012 00 
fluoropyximidine 18 (4.80 23 nm^oD arn 
for 1 h. The mixfaire is diluted witii kcthj 
sodium bicarbonate solution. The eoimbin* 



^^^^ *^ 4,6-dichloro-2-qrd[opropyI--S- 
|ttie solution i$ stirred at room teEmpecature 
p**^7' washed two times -with a saturated 
a;Qr^nic lay^s are dried over magnesium 



sulfate and concentrated in vaeu{> to ^rd !e-chIoro-N,2-dicycIopropyl-5-fluoro^ 



pyrimldinaxcdne 31 as a yellow oil f4.99 
iivithout further purification. 
ySB OM+Os 227/229- 



i:mpcam/2C7[:tt io add i^^.a^i 



wfaich is used In the next step 



■J 



':2.8 



Compounds describe in tami 3 cail be synthesized ia an analogous way. 



32 t 


.1 1 % 

5-chloro-N.2-dicyclopropjl-4-p3nriinldtt ai 

: r 


niae 


(MH**-): 210/212 


33 ( 

1 


3-chloro-N,2-di(yclopropyl-5-iYethyl-4^ 
pyriTTHdinairrine | I: . 


t 


v@ (MH+): 223/225 


34 ! 


5.6-di)cWoro-N,2-dicydopropyl|4|^pyri^ 


m OVIH^: 244/246/248 


35 1 


5-chloro-N,2-dlcy(ioproRyl-5-H^etlioxy-^ 
pyrlmldtoaniine j | 


. .1 


BiSS CMH-^: 240/242 


36 


6-cMoro~N,2-dicydopropyI-S-et%l^ 
pyxlmldinamiiie |t . 


^ 

I 


WSS (MH+): 238/240 


37 


N-l6-<±doro-2-{2-trans-methylcy^oproiJyB 
pyrlmlfUnyll-N-c^lopropylaniia |' | 


MS (MH+): 224/226 


38 


N-I6-chloro-2-(2-trans-methylc^ 
pyiinUdlnyll-N-cyciopropylani^ | 


;r 


MS QuIH+): 224/226 

Mn^S Bs +87.28 lc=l, CHoCloJ 


39 


N-I6-chloitH2-(2-trans-methylc|/^ 
pyrlXDidinyll-N-cyclopropylamjH j 


n 


MS (MH*1: 224/226 

Wo^S _ -83.80 (c=l. CH2CI2) 


40 


6-cMoio-N-Kyclopropyl-5-nifitIi^;-2-^ 
methylc7clopTOpy])'-4-pyzizxildli|a^^ 




MS (MH^: 238/240 


41 


6-diloro-N-K!3^propyl-5-mettiy^-^ 
methylcyclcjpropyI)-4-pyrimidii^^ 


^ 'I 

i 


MS (MK^: 238/240 


42 


N-l6-chlorx)-2-(q?clopropylmet6^ 
pyriniidlnyll-N-K:ycloprop5l£^^ 1 ' 


1 


MS (MH+): 238/240 


43 


6Hdiloro-2-cycaobutyi-NHycloi}|OT^ 
^rrinaidniaznlne \\ > 




MS (MHt): 237/239 


44 


6-chloro-Nt2-dicyclopxx>pyl-5-iii1i!c>^- 
pyrixnidlnamine !| 1|, { 




]VB (MH*): 255/2S7 


45 


&<hloro-N-<:ytlobuiyl-2-Gyclopt< 
pyrlmlritnaTnine ] 


1^-5- 




BAS tMir>0: 238/240 


46 


6-chlQro-N-cyclopropyl-2-isopijo 

pjrriiriidinaiiilne , 


|yly5-ri 

i-. — 


1 i 


MS 226/228 


47 


6K2Woro-2-qydopentyl-N-pycl03p 
pyrimidinazzdne | 




>• rnet3hyl-4- 

i 


MS (MH*): 252/254 


(1) compaimd 37 was resolS 
(second eluted9 by chromatograpi 
Isopropanol/n-li&cane 1/99. 20 °C)1 

i 


^ int( 

•y, on 

• 9 

. • S 

1 

i3 J 

h \ 


)jlt5 enantiomers 38 (drst elated) and 39 
i , dural support (Daicel Chizalpak AD» 

r 

1 

ill •••APkimiMi^A'^rTT 4A Ann 
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6.1 



EXAMPLE 6: sjynthesis of 4-''h3rdr(n^y^|ii]idines of fonmilaXn 



%nthesis of 2-(^ppropfyt-^7-^ihydroi^H^pFyxToloI2,3-cqpy^^ 48. 




Sodium (0-417 g, 18-1 mmooj is dlssotvej^ in methanol {65 ml) under a nitrogen 
atmosphere. Qydopropanecarbcwc&na Jamfde h|dxochloride (3.19 g, 18.1 mmol) is 
added in one portion. The nHxtuie^s stirred at room temperature for 0.2S h. then 
filtered xipon hyfloceL The ffltrate ls|eoncentrated in vacuo to 30 ml. This ftee base is 
added to a solution of sodium g, 36.2|!cDmoI} in mg^hainol (130 mQ under a 

nitrogea atmosphere, at room t|mperaturd 2-etfaox7-4,&-dihydro-3ff-pyirole^- 
carboxylic acid ethyl ^ter (3,4 g, ia|j mmo^ irij'methanol is added and the mixture is 
stirred at 60 overnight After cooling, th^ solvent Is evaporated and the solid 
obtained is dissolved in water. The pH is adjust|l at 5 with a 5 N HCl solution and the 



white 



mt4i^ 



precipitate formed is 
pyrrDlo[2.3-'<qpyximidin-4-ol 48 (1.8€g!g, 59 
in the neaot st^ without further punJ|battan 



and 



MS (MH+): 178. 



7 

7-1 



[jdiled. 2-cycloprop3d-6,7-<Jil^ydro-5H- 
obtalned as a white powder and used 



EXAMFUe 7: syntbeais of 4-^oropyriimdlnes of fonmOa X. 
Synthesis <rf 4-<Mac^2-<y<^pj^psl-S,6.7,3-te^^ 
4ipyrtinldlne SO. 



15 



I 




iV I I 

(3-t2-<yclopropyl-4,6-dlhydrQ2|r-pyi3iiri add 



tert- 



bulyl ester IB (1.4 g, 4.5 mmol) is suspendfed |n phosphorus oigrchlorlde (10 ml). A 
xnixture of N,N-diethylaniline (0.744 d 5 njmjol) ind phosphorus 03q^chloxide (10 ml) is 
added dropwise to the suspension lit room te|nperature. The resulting mixture is 
stirred at 100 'C overnight. The solu^n ii pisured onto crushed ice and ralracted two 



times with dicfaloromethane. The s^ueous 
sodium hydrogenocarbonate sol 



ion 



|er is alkallnized using a saturated 
(pHj( 8), extracted turo times with 



dlchloromethane, reacidifled uslngpHCi: 5N 0(pH 3) and extracted again with 
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didiloromethaiie, Hie combined aqifeousjlayerfe are alkaliitteed (pM 10) and the white 
precipitate formed is filtered and d^ed- |nie Combined organic layers are dried over 
magaesiiixn suljEate and concentrated in vaci|b to afford a mixtiire of 4-dhloro-2- 
cydopropyl-5.6,7,8-tetialiydro-5H'P3^ 50 and non-<ryclized 3-{4,6- 

dlchloio-2-cyclopropyl--pyrln3idin-5-;^^^ 49. Ibis misdxire is dissolved tn 1- 

]Xietho:<y-2-propaaol and heated at MO '^C for 5p.. After cooling, the solution is diluted 



crui 



with dicfaloromethane and wasb 
solution (1 N). Hie combined 
concentrated in vacuo. The rei 
silica gel preparative plates (dicUaromethi^ 

solidp which is combined with j-jthe first 

cyclopropyl-5,6,7,8-tetrahydro-5H-p^ 
orange solid (209 mg, 20 %). l 
MS (MH+): 210/212. I 




th| '^'^^ ^ tqrdrochloilc acid 

la;|^8 ^ dri^ over magnesium sul&te and 




is purified by chromatography on 
/ammoxiia.97/.3/0.3) to afford a. 

precipitate. Pure 4-chloro-2- 
dine 50 is obta&oed as an 



I 



4-<Moro--2-cyclopropyl-6,7,8,5 
be synthesized in an analogous way«<j 

MS (MH+): 224/226 



tetrahydr^5H-pyrimido[4,5-b]azepine 51 can 



7.2 



Synthesis of 4-chloro-S 
B2. 



[oprapyl-ei 7-difaydro-5H-pyrrolo[2,3-cgpyrlmldlne 



ant 



2-Gyclopropyl-6.7-dihydro*5] 
mmoO Is suspended in ph< 
diethylaniUne (0.46 g, 3.1 mmol) 
dropwise to the suspexxsion at rooi 
120 °C for 3 h. The solution is poui 
dichloromethane. Hie aqueous laye| 
with dichloromethane- The combine 

and concentrated in vacuo. The crucd 

' I 

the nejct step without further purificE^^on due toj 
MS(MH+): 196/198 



pyrrbloI2.%-£apynmidln-4-ol 48 (0.5 g, 2.8 
Gosydhl&ide (0.7 nil). A mixture of N,N- 
id phospiorus ossychloride (0.7 ml) is added 
peratuce. The resulting mixture is stirred at 
Lto crushed ice and extracted two times with 
13 aikalimied (pH 10] and extracted four times 
lorgakic lalpi's dried over magnesium sulfate 
mi3^bujie G 170 mg. 68 91 % pixrity) is used in 

pie imstabUity of the compound. 

■ i I 
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8.1 



EXAMPLE 8: synthesis of cbmpo^aiids o|f fonzuila I. 
Synthesis of N,2'diqyclopro!pyl-E 
py'ixnidiEiainlne 120. 




AzDixture of thidmorphollne 
S-fluoio-^-pyriiziidinamine 31 (1 g, 
cooling, the bnmn scdutkdi is dfl^ 



31 



5-Buon>56-(4-"thiomoiphQliny?)-4- 



8.2 



L27 ^ 122 : nmol) and 6-c2hlorO'N.2-dicydlopropyl- 
mpiol) i| stbred at 110 *»C for 18 hours. After 



^ ^ iiich] 3romethane» wa^ed two times a 
saturated sodium bicarbonate soliiijion. lie ccmbined organic layers ate dried over 
magnesium sulfate and concentratJa midCT hiih vacuum to afford a brown oil. The 



crude oil is purified by column chroj natography (hexane/ethyl acetate: 80/20] to give 
N,2-dlcy(aopropyI-S-fluon>-e-.(4-tWomoiphi^^ 120 (915 mg« 71 

%) as ayellowlsh solid. . J - 



Synthesis of N^-cycloheacyi-: 16,2^ i^pydc propryI-6-methyl-4«6- 
pyiimldtciediamine MI« 




A iDdxture of Qrdohi 

dicycIopropyl-5-meiliyl-4-pyrlmldina 
propane! [2 nil} is stirred at 125 *C 
diluted with dichloromethane, wash 
solution. The combined or^Lnic 

concentrated under high vacuum tc| 

j 

colimm chromatography (dichloronSle 
cyclohe2Qrl-N3,2-dicyclopropyl-j 



-5-mettLyi-4, 
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g. 18 mmol) and 6-chlQro-N.2- 
38 (0-70 g. 3 mmol) to l-metho3{7-2- 
s« After cooling, the Innwn solution Is 
ith a saturated sodiimi bicarbonate 
led over magnesium sulfate and 
afiforija h^^mi oHL The crude oil is puHfied by 
ithan^/m( 




lanol; 97.3/2.7) to give pure N*- 
[iamfne 141 (O.150 g» 17 
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8.3 Synthesis of 6-(l-azepanyB-N*.4 



6-(l -a2epaiiyl)-N,2-dicyclopropyl-5jj^ 
synthesized as described in 6.1. using 6-.cmo: 
pyxldlnamine 44 and azepane as starting n.- 

MS CMir+-): 318. ;| tj '| 



10 



15 



20 




i^d )propyl-4,5-pyrlnildinediam]ne 63* 




'pyiimidinaniine 1S8 was 
[,2-dicyclopropyl-5-nlfro-4- 



To a suspension of 6-(l-azepany!l)j|jg ^-dlijjydopropyl-5-nltro-4-pyr^ 
1S8 (0.5 g. 16 nmioD to 1,4-dloxane (S5 ^ wUat^ (35 mB la added sodium 



bydrosulfite (2-19 g, 13 Toanol} aod ktamd 
stizredatnxmilnnperaturefinr 10 h then 
times virtxh v/ater. The combined organic li 
concentrated in vacuo to afKud ayc&low 6: 
chromatography (dichloromethane/ethaaa 
azepanj^-N*.2-<aicyclopropyl-4.5-pyrimi< 
solid 



8.4 



^jnattiesis of l-l2-cyclopropjyl-6-(i 
piperidinone hydrate 107, 




A solution of 1 N HCl (IS ml)' is add|ea 
dioxa-8-a^spiro[4-51dec-8-yB-5-methyi-*^ 




1% solution. 1.2 mD. Hie mixture is 
^QTtth ethyl acetate and washed three 
aire dried over magnesium sulfate and 
le oil is purified by column 
Lonia: 95/5/0.5) to gste pure 6-(l- 
le 63 (137 mg, SO %) as a reddish 



»pylamino)-5-methyl-4-pyrimldi«vll-4- 



25 



tetrahydrofiiran (15 ml). The mixhare is sftjs^d alroom temperature for 18 li. Uien 
diluted with dichJoromethane and vrasheAffi^ sodium bicarbonate. The 

combined organic layers are dried over magj^esltln sulfite and concentratBd to vacuo 
to afford a white paste. The compound is ^ed ujider vacuum to gSve pure 1-12^ 



to a solution of N,2-dicyclopropyl-6-(l,4- 
rix?(?l LriaTTiirie 149 (285 mg, 0.86 mmol) in 
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<ychVKqsyl'6-(cycIopropylammo)-5-met^^ li 4 
(160 mg. 61 %) as aDi^tte paste. 



8.5 



^S'liiliesls of 6-azepan-l<^- 



5-bw)| o-N;2-dlcydopnj!Rylp(jTiiuidin-4.amine 61. 




N-Bnimosucdnlnilde C0.39 g. 
azepa2iyD-N;2-di<yclopropyl. 
ml). The mixture is stbxed at eo| 
dichlaromeaiane and washed two tlmesSi 
dried over znagnesiTJuii sul&te and cl 
purified by colunm chromatography (dt 



8.6 



pyjrfniidiny|]-4-piperldlnone bydreite 107 



I) is added to a solution of 6-(l- 
(0.S g, 1,84 inmol) in chlorofoini C2 
± then cooled, diluted with 
iter. The combined orgianic lajrers are 
itrabd In vacuo. The crude mixture is 
I ithane/ethanid: 97/3) to give pure 6- 



- - . j — — -^f «.« J in ■ 11 « . 9#/or| lo give pure 6- 

a2epan-I-yl.5-bion«>-N.2-dlcyclopit)M^pi^^ 61 jl34 ibg. 21 %) as a 

ranownish paste, .Hm 





A mixture of azepane (18.2 ml, ik 
tetrahydro-5W.pyndoI2.3-cgpyriniidine 5^ 
110 'C. After cooling, the brown soluUorl: 
two times witti water. Tte combined " 

and coTHsentrated under high vacuum to 
column chromatography (dlchlotomethan. 

4-azepan-l-yl-2Kg«dbpropyl-S,6,7.8-i 
brown solid. 



.85 ]S 
dilui 




Compounds described Jn table 4 i 
methods. U| 
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i! 



be 



) and 4-chlQro-2-cyclopropyl-5,6.7.8- 
g. 4.06 inmol) is stirred four days at 
ed with dichloromethane and washed 
are dried over magnesium sulfete 
brown oil. The crude oil is purified by 
ammonia; 90/10/1) to give pure 
-I|yiido(2,S-d]pyrimid]ne 155 as a 



synthesized according to one of these 
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9 EXAMPLE 9: afBuityfarhui^a 

Chinese Hamster Ovarian c^l J (CHO) 
in2, mS, m4 and m5 receptors were ciiltured 
100 ni/ml of penicillin, 100 pg/zol of ^br^tocny| 
fetal bovine serum. CeSi cultures maini 
and 5 % CO2* 

Confluent CHO cells exnres^ink hw^ 
receptors were harvested and resii^ended 
calfitirm and magnestuxn. The odl st^ 
^'C). The pellet was hoinogeni2ed|iii a 15 
mM MgCl2* 0.3 mM EDTA and l|^iM E 
collected lay two consecutive centrlf^^oxi stei 
final pellet was resuspended* at a ' ' ' ' 
a 7.5 mM Tcis-HCl (pH 7.5) buffer 



EQTi 



IS EGTA and 250 mM sucrose and storbc . in liqiiidinitrogen. 




— 'Ft* ' 

pcdyethyleneimiae for at least 2 hJ ^S^nqiles 



50 mM TWs-HCl (pH 7.4) buBer. Ralldactivlty 



Betaplate counter tWallac). Compe 
regression with. XLfit software pDJ 

10 E3CAMPLE 10: PDE IV 

Bnzyme sauxve: 

Cytosollc fraction from U9! 
mixture of rolipram 30 \M and sa 
J. Phaimacol. Exp. Ther. (199^ 



FMPFAHfiR7FlT Ifl APD n.A>l 



I nlc receptors, 
iressing tlie human recombinant ml. 
Ham's P12 media supplemented with 
i» 400 pg /ml of genetlcin and 5 % of 
!n a humidified incubator at 37 ""C 

il, xn2, m3, m4 and m5 muscarinic 
phosphate buffered ssiline without 
centrifuged at 1500 x g for 3 min (4 
: Tkis-HCl (pH 7.5) buffer containing 2 
The crude membrane fraction was 
at 40.000 X g for 25 min (4 ""O. The 
itratlonran$ngfrom2 to6mg/ml, in 



cfonSce 

Ltaining |2.5 mM MgC]2. 0.3 niM EDTA, 1 mM 



J 

Binding assays were perrorm^l ad:ori 
N.J., Bonner TJ., Buckley CM- a|u>n M.R., 
but with sli^t modifications. | 

Briefly, 25 to SO pg of membra: i& 

in 1 ml of a 50 mMTris-HCl (pH 7.4|ituff4 
NMS (N-methylscopolamine, 85 ^'>;mmol 
concentrations of test compound (usi^olvdd in 
spedflc binding was measured In tfaL, pres^nLi 

Cra3) min. incubation* assays were |:|>ppe4 liy jrapid vacuum filtratlan of liie samples 
ttiroui^ 0ass fiber filt»s 0!llta;laat A. 



to procedure described in: Buddey 
FhaimacoL {1989)« 35, 469-476, 

s were incubated at room temperature : 
2 mM of MgCl2, 0.1 nM of [^HI- 
im Apbiotech* UK) and increasing 
^MSO (1 % final concentration). Non 
of 1 pM atropine. After 60 (m2) or 120 




Belgium] presoaked in 0.3 % 
further rinsed wfth 8 ml of ice-cold 
Lpped onto the filter was counted in a 



in bmati|g cuxvee were analyzed by non-Itnear 
IlK). 



itlc activity 



IT'fpeHs p] 
Itami)! !l 



2631(3), 



SPA Phosphodiesterase akcy (Amenham Phannacia Biotecli; Belgium): 



stimulated for 4 h at 37 ^'C with a 
CTorphy TJ., Zhou H-L.. CaeslinsKi 
195-1205). 



10 



IS 



25 



30 



44 



I 



Assays were performed In loj I pt of 50 1 M -ms HCl buffer (pH 7.4) caataintog 
5 mM MgCl2. 2 mM EGTA, 20 nl k of l^HI-< AMP (40-60 a/nmolj. the cytosolic 
fraction of 50,000 U937 cdls and j^iej approp iate concentration of test compound 
(usually 10 pM) dissolved in DMSO assay ^ oncentration not exceeding 1 %). After 
30 mln incubation at room temper Lire. 0.5 ng of SPA yttrium silicate beads are 
added to each sample- Radloactivii| bpund to ithe beads (5'-AMP) is detenrdned by 
liquid sctatHlation- Non PDE IV aclivliy and/< r non specific binding of the labeled 
substrate to tihe SPA beads is deflri id jas the i esidual radioactivity remaining in the 
presence of rolipram 32 \M (non t ?DE IV ac ivity represents about 40 % of total 

activity). PDE IV activity is detexmini d hy subtr ictlng the non PDE IV activity firom the 

I ! i * j 
total activity. l j 



35 



to the 



Coixmounds according to tbeSiiiyention |howed PIC50 values ranging firom 6.5 
to 10 for tkks xaS xeceptar, and show l|d plCsg v lues ranging fiom 5.7 to 8 for FDE IV. 
Dual bigh afBntties were espedaUyt fhqnn « onqpounds 56. 57, 5d» 61, 62, 63, 64, 
65. 66. 67, 72, 77, 78. 79, 80, 86. \ [7. '94. 95. 18. 106, 112. 115. 118. 119, 132. 144, 
145. 154, 155 and 156. 



20 11 



I 



The method was developed 



act wording 



EXaMPI£ 11: in vitro inhi^itipn of capachol--induced contraction of gpinea- 
pig trachea. 



the procedure described Sn Leff P., 
i), 110, 239*244. 'Dracheal ring^ were 
Tissues were mounted in 20 ml orgaTi 
e presence of 3.10"^ M indomethacin. 

ranoiol. The bathing solution was 
2^^^ % Tissues were allowed to 

equilibrate for a period of 60 min uJ^er a xbstii g tension of 1 g« Isometric contractions 
were measured by force-displacemejjLt tLansduc its coupled to an lOX computer system 
capable of contrbUlng automatic dal^ acujuisitlc a and bath washout by automatic fluid 
circulation through diectrovalves allide iitied ttb es. Drugs were manually or roboticaily 
injected into the bath aocordlng to ^ ^tal:|ility|pf the measured sigmd. 



Doug^n I.G„ Harper D.. Br. J. Phai macoL (1 
prepared from miale Dunkin-^HartlejJ 'guinea pi 
baths containing modified Krebs' s^utlon pi 
3.10"^ M hexamethonium and ife'^.M pi 

maintained at 37 °C and gassed ^0t^ "9^ % 

I 



At the end of the 60 mln p< 

twice with 10"^ M carbachol at 
response curves were successively 
compoimd (incubation time: 1 
individual experiments. Control ttsi 



CUDCAM/207C TT 10 ADD 10. Ail 



iod of.stal ilisabon^ the tracheas were contracted 




r r^iTi int tvdls. Two cumulative concentration- 



Lctec 



In the absence or presence of the test 
Results were obtained firom at least 3 or 4 

wdre tinted with the solvent. 

1 . I 
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pD2 and /or pA^ values according'Ko tber*. 
Rossum Hurkmans JJLT.M.| jwolte-s 



ranging from 5.5 to 8. 

In the tables, the stereoch( 
10 headed 'configuration data'. The see; 
stereogenic center CA.CHIRAL), is a 
xacemate CE^Q or is a mixtuxe 
propottlond (MDCI). The first col 
recogqlsed center, following the I 
IS numher alone Indicates the exLatenl 
followed hy Tl* or *S* inriipflteg tt 
number followed indicates 
configuration at that center. The I 
the vaxlous configuration isomers, 
20 The third coluzxm precises the ds o: 
In the tables, the melting pi 
the DSC curve. Whsa a visual (i 
between bracks. 



Antagonistic potency of the tilst coroboulid was estimated by the calculation of 

1 } ^ r 



45 



rmet lods described by Van Rossum (Van 
„ — **~*^a**«**«, w-r^*.A»*.«jpv»*i«p C JJ,, Arch. Int, Pharaiacodyn. Ther. 
(1963), 143. 299-330) or Arunlakshs p & Schfl I CArunlakshana 0„ Schfld H.O, Br. J. 
PhaxmacoL (1959). 14. 48-58). 1? ! [ ! 

Preferred compounds accor^pgjto| thefj invention show pA2 values typlcaUy 



iprux tlon is contained in tiie three columns 
lindlcates whether a compound has no 
ition isomer or enantiomer (PURE), a 
stereoisomers, possibly in tmequal 
stereochemical assignment for each 
used tn the preceding «col iiittm . A 
Igurations at that oenten A mmiber 
»lute configuration at that ceiater. A 
of onfy one but unknown absolute 
D) in firoDt is away of distinguishing 
or racemates of the same stmcture. 



cases determined by the onset of 
melting point is given, the value Is 
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1. 



Claims: 

A compound having tiie fonnufo 
thereof. 



10 



IS 



20 



25 



30 



wherein 

r1 is allQrl or cycloaJlyl. 

is c^cloaBsyl, 
r3 is bydrogen, sSkyh halog 
or R^R^ Is an alBylene brii 
r4 is hydrogen or alkyl, 
r5 is cycloalkyt aiylalkyl or 
or NR*R^ is an heterocycle. 
heteroatom which is a nltrog 
one is a nitrogen atom and th|jo^he: 
with the proviso that whra R^^is 
cycLoalkyl. . . M 



p tannaceutically acceptable salt 



(0 



I'll 



'!b:rdrci7g^, alko^ or amino. 



atoOTor 



^cl^U^l* 

le substituted, containing only one 
iontalnlng two heteroatoms wherein 
non-oxidiifed sidfur atom, 
rlene bridging group* R^ is a 



A compound according to clai n 
r'^ is alkyl or C3-7-cycloallQrl 
R^ is C3-7-cycloaD^l, 
r3 is hydrogen, Cl-4-allyl. hyogecl 
or r2r3 is a C2-4 alkylenebi l^ng 
R* is hydrogen or alkyl, I Ij 

r5 is C3-7-cycloalkyl. arylallsyi c r 

II I 

or NR*R^ is a heterocyde, ^l^d: : 
heteroatom which is a nitnog 
one is a nitrogen atom and th die — - - 
with the proviso that when R- flR* is |ini 

c^cloaibyL | j| 

ii 



II. 



roxy, alkoxy or amino. 



icydLe-alkyl, 
substituted, containing only one 
containing tsffo heteroatoms -herein 
nonK>xldized sulfur atonu 
IlQrlene bridging group. R^ is a 



4 A AM 



4. 
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5. 



7. 



8. 



20 9. 
10. 

25 11. 



12. 



A canq>ound aocorrilng to any yg the 
or C3-4 cydoaXI^. 

A compound according to c!aii|i|3;wl] 
cytslapropyl, isoprop]^ cydobi;^!^ 
cydoprop^methyi. 



A conipound accordliig to any Of ibe r 
cycloalltyl. 



A compound according to < 
cydobutyl. 



•I'i f if I 

A compound accotding to any [t^the||)rr 
methyl, ethyl, a CI atom, a F 



A compound according to any. 
brldgbog group selected from c 

A compound according to any 
orCl-4alkyl. 

A compound according to 

A conq>ound according to anJ ow 
tfaienyl)ethyl, 2-fury1methyl, 
(methylsulfaiiyBbenzyL 2.6-(_ 
bis(tiifluoromethyl)benzyl, 3.E|jai|lud 
methylcyclohexyi or 2,2-<ilpl:^i^^ 



; dialms wherein la G3-4 allcyl 



B} Is selected from the group of 
ityL 2-metiiyi-Ggrcdopropyl and / 



»ding dafms wherein is C3-4' 



Is selected from c^dopropyl or 



A compound according to an; 
3-yl, l-azepanyi/l-azocanyl, 
I'p^ierldlxxs^ 4-Ghydi0!xy(dip 
plpaddln;^, 4.4-bifluoro-l-pi!3 1 
plperidSnyl. 4-bcnzyl.l-piperit 
1-pipeilditryl, 4-etho3^arba 



iding claims -wherein r3 hydrogeUp 
ija, amino or methoxy. 

[-4 wherein r2r3 is an allsylene 
opylene and bulylene. 

; claims wherein is hydrogen 



is hydrogen or methyL 

Reding claims wfao^ is 2-(a- 
ayl, 4-pyiidinylmethyl, benzyl, 2- 
2-fluoroben?yl, 2-nitrobenzyl, 3.5- 
{mylp cydohexylt cycloheptyl, 4- 



:|claaiiEislL-8 wherein NR^rS is l.S-thlazolidin- 
L-l-piperldinyl, 4"C2-metho«yphenyl)- 
f^l^l^^^Q'-l^P^P^dinyl, 4-(trtfluoromethyl)'L- 
L4Hjttmetbyl-l-piperidlnyL 4-amWo-l- 
|baRy-l-pjperidlnylp 4-cyano-4-pheK^- 
4-ettiyl.l-piperldinyl, 4*ethyl-4- 
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'•It iir :l 



uionniipi/mrn 



4/^ Ann 4M AM 



methyl'l-pipetidli^t 4-hyclj( 
pipendinyU 4-lqrdro>t^etfayl- 
methylene-l-pipeiidaiyL 4-oi:^ 
azabicyclo[3.2.11oct-3yl, 4-] 
5 azepanyt 3,4-dlhydro*2(IH) 

1 .3,3-trimethyl-6-azabicyblol3fi 
azaspxrol4.5]dec-8«yi. 

13. A compound selected firom 6- 

- cydbpixipylaiiilne; 6-azepan- 
6-(l-azepaziyQ-N.2-diGyclo] 
dlCF^opropyl«4,5 
5-metiiylp]rrini]din-4-aix]ine; 

IS znetl:7lcyidopropyl)--4-p]nriziii( 
mctfayi-4-pyrimld1na-mlTie; N, 
(trifluoitnnethyDpiperidin- 1 
dlfluoxxH l-piperidinyl)-S-me1 
dlxnetlxyl- X-pipetidinyD-S-mei 

20 ethyl-l-pipecidinyl)«5-methy] 
(4-nietii;^--l--pipeiidinLyD-4-: 
methyl-l-piperidixiyl)-4r-] 
ix)ethykycloprop]^-6-(4-i 
dicyclopropyl-5-methyl-6-(4-: 

25 dlcyclopropyl-6-(3,6-dihydr< 
azabicycloI3*2. lloct-3~yi)-N» 
dicyclopropyl-S-ethyl-6-(4- 

dlcyclopropyl-5-inethyl-6-[4-i 

dlcyclopropyl-N^--(2,6-dlfluo] 

30 cyclohe3(yl-N^-cyclopropyl-2 
N4.2-dIcyclopropyl-S-inettiyi 
-azepanyD^N-cyclopentyl 
azepan- l-yl-2'Cjrclopropyl-5, 
azepaa- 1 -yl-2-cyclopropyl-6; 

35 phanxiaceutically acceptable | 
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4 



byL 4-hydnjaqr-4-pheiiyl-i- 
, 4'xnethyl-l-i^peridlnyl> 4- 

. a6*dlfaydro-l(2H)-pyrldix]yl. 3« 
, 4:-thioiDorpholjz]yt 2-one-l- 
; l,4-dio2ca-&-azaspiro[4.5]dec-8-yl, 
octahydro-2(lH)-i5oquinolixiyl or 8- 



|a^epab« ^N,2-diQrclopropyl-5-iiiethyl-4- 
5| ih jCO-2-^clbpropyl-4-pyr^ 

i:p HN,2KUcyclopropyipyrtnUdln-4*^^ 

p Ldlnamine; 6-(l-azepai]yQ'N^,2- 
]e zepan'-l-yl<'NK9id<9rapyl-2«lsopropy^ 
f aa )r]}-N*-cy«dop]rop3d-S-mefIiyl-2-(2-^ 
[l-azocaxiyD~N,2-dlcyclopropyl*5- 
ydop pyl-5-inethyl-6-l4- 

axEune: N,2*dicycIopropyl-6-(4.4- 
dlnamine: N,2-dicycloprox3yi-&-(4,4- 
dlnaxnine; N,2'dicyclopTopyl-6-(4- 

le; N,2-dlcyclopTOpyl'5*ethyl-6- 
,e; N*2-dicyclopFopyl-5-me13iyl-6-(4- 
N-cyclopropyl--5-iiiethyl-2'C2-- 
i3^)-4-'pyxln]idixiaxQine; N^- 
pip<artdlnyl)^pyrim3dfnaTnihe; 1^,2-^ 
-5-methyl-4-pyiiiiiidinaitiSn a-(3- 
5-meiaayl-4-pyrimldinamine: N,2- 
B-4-pyriinidinatnine: N,2- 

l)-4-pyiiinidinainlne; N^»2- 
ethyl-4,6-pyriimdi0ediataine; N*- 
[opropyl)pyriaaicUne-4,6-<llaziiiiie: 

lcyclohexyB-4.6*pyrimidlnediainlne; 
-5-metli3d-4-pyriiDidiiiainJne: 4- 
dro-pyrldol2,3-dlpyrsinidine and 4- 
pyi1niidol4»S-blazeplne, or 



10 



IS 



20 



2S 



16. 



le. 



30 



3S 



17, 



18. 



14. A compound selected firom 6-(| 
pyitaaidtaamfne; N-{6-(l-aze| 
cyclopropylaxnine; 6-azq)an'i| 
6-(l-azepanyQ-N^,2-dicycIo{ 
cyclopropyl-2>i5opropyl-5'me 
qrclopropyi-5-metiiyl-2-t2-m|| 
azocanyl)-N.2-djjtycloprop5l-^ 
inea]yl>6-[4-(tiifluoTametI:^^l|f 
dlGytIopn)pyl-6-(4.4'dffluoro^ fj 

dIcytLopropyl-6-(4.4-dimel33L:3^|i|i| 

... - . ?I.T!'I 



49 



5f 



Jem 



n 



di<3rclopnai7l-6*(4-ethyl-l-pl{ 
dlcycIoprapyl*5-etbyl-6-(4-i 
dlq^<dopropyl-5«i]iet!hyl-6-(4-xn 
cyclopro{^-5-xnetl^l-2-(2-m 
pyrlTnldiTiaTnl-ne; N,2-dicycdoi)y^ 
pyrfTntdtnamiiie; N,2-dlGyclG^rcij^-^! 
pytlmidinaxnine; 6-(3-azabicj^||l> 
pyiunidinamine; N<2 



•dicydlo^iljl 



pyilxDidiiiaxiilne: K2-dicyclOBrb: 
pyiixnidlnaxDJne; N^«2-c&cytlqpr 
pyrimidanediainlne; n4.2-^( ' ' 
IVzlmidlxiedianiine: 6-(l-azei 
pyrimlrliTiafntiie; 4^azepan-l- 
olpyriinldine and 4-a2epan--l|])t*j| 
blazepine, cnrptaamiaceutlcs 

Acoinpoixiicl accoxiding to bxx^ 



A pharmaceutical compositit 
according to any preceding 
acceptable diluent or cairier^ 

Si 

A phamaceutijcal compositLp^ 
inhalation. 

A compoimd according to i 
salt thereof for use as a ) 



m 
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[N,2-dl(^opropylr5-methyl-4- • 

ro-2-(^oproi9l-^pyiiiKiidlz^^ 

-N,2«dicyciloprQp3^pyilmid3n-4-azD£ne; 

Idinediamine: 6-azepan-l-yl-«N« 
i-4-ainine? 6-(l-azepanyl)-N- 
ipyiQ^pyrtnUdinamlne; 6-{I- 

Ldfnamine; N,2-dic7clopropyl-S- 
>yriinidin-4-ainine; N,2- 
l-S-methyl-^pyriniidlrLaiiiine; N,2- 
L)-5-*methyi«'4-pyrlzzildinan]uie; N»2- 
iyl-4-pyzimidlnamine; N.2- 
rl)-4-pyrlxnldinamlne; 
sridttqrI)-4-pyiiinidfnaxnine; 
)-6'(4-ineth:yl- l-piperld]nyl)-4- 
rI-6-(4-methylene-i-plpeiidiny])'-4- 
-dlhydro- 1 i;2H)--pyrldinyl)-5-methyl-4- 
■3-yl)-N,2-dlcyclopropyl-5-nietbyl-4- 
L-6-(4-thiomorpholiir^-4- 
iyl-6-(4-thioicnorphollnyl)-4- 

, 6-difluoroben^D-S-methyl-4r, 6- 

-meth5l-N®-l4-niethylcy(aohexyl}-4.6- 
lopentyl-2-c^clopraRyl-5*methyl-4- 
)pyl-3,6,7,8-tetraliydro.pyridol2,3- 

rl-6,7,8.9-telrahydro-pyiiinidol4,S- 
[e salts thereof. 

[daims as a pure enantiomer . 

; an effective amount of a compound 
3lnatlon with a pharmaceutically 



; to claim 16 for administration by 



-15 or a pharmaceuticaUy' acceptable 
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19. 



20. 



15 21. 



20 



22^ 



25 



30 




The use of a compound accoxidu i| 
a medicament for the treatmeidi 
Chronic Obstructive 
to chrcmlc brancbitis, emp] 
adult respiratory distress sync 



A method for treattng respira;^ 
Obstructive Pulmonary Dises 
bronchitis, emphysema^ coug " 
respiratory distress syndrom^ 
least one compound accox 
salt thereof to a patient. 

Acompound of formula n, oin 



wherein 

is alkyl or cycloalkyl 
is cycloaUsyl; and 

R^is hydrogen, alkyL 



1 



A compound of formula n 
dlq^clopropyl-5^uoro-4-p: 
pyrlnAdiziaiDjne. 6«cbloro-N 
dlchloro-N,2-dScyclopropyl 
methoxy-4-pyrimidlnamlne. 
pyrlmidlnaxninei N-[6-chlaro; 
c^cloperopylaxnine and Its 
trans-methylcyclopropyI)-4-i 
2- (2*cis->methylcyclopropy]) 
(cyclopropylmethyl)-5-mel 
cyclobu1yl-N-cyclopropyl-5-m| 
diqyclo]7ropyl-5-xiltro-4-pyrxila 



so: 



to 



foi 



me 
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claims 1-16 for the mantifacture of 
|tnxy disorders in coxmection with 
for treatment of symptoms related 
cystic fibrosis, puhnonary fibrosis, 
or asthma. 

|-s in connection v4th Chronic 

; siymptoms related to chronic 
rosls, pulmonaiy fibrosis, adult 
asthma «miprising administering at 
L-IS or apharmaceutlcaUy acceptable 



ittcally acceptable salt thereof » 



|hydro9g^. 

le group consisting of 6-chloro-N»2- 
6*chloro-N,2-dicyclopropyl'4- 
-S-mefliyl-4>pyriTntd1tiaTiiine, 5,6- 
le, 6-Chlaro-N,2-diQrclopropyl-5- 
-dlcycIopropyl-5«efhyl-4- 

l€grclopropyD-4*pyrimidlnyII-N« 
chloro-N-cyclopropyl-5-methyl-2-[2- 
le, e-chloro-N-cyclopropyl-S-metl^yi- 

le, N-[6-chIoro-2- 
ayll-N-qrclopropylamine. 6-chloro-2- 

idinamine, 6H±tloro-N,2- 
[ 6-chloro'N-cyclobu1yl-2-cgrclopropyl'5- 
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ray J 



methyl-4-pyrlTn1d1namine, 
pyllmidlnamlTiR and 
pyilmidinamtoe. 



5 23. 2-xzietihyl^dlopropa 



24. A compoiind of formula VI. or 



wherein 

10 r1 IsaUc^ or cydoalliyL and 

R^fsalkoTgr* 

25. A compound of formula VI 
5-fhio!ro-4,6-pyrlmldInedlol, 

15 <qrcIopropyl-S-metho3gr-4,6-] 
pyrtaddinedioU 2-^(2-: 
mettayLcyciopropyI)*4,6 
pyiimidinedlol, 2-GycIobutyI-| 
metbyl-4,6-p[yrimldinedioiL i; 

20 propyll-carbaxmc add tertA 

iqrrlxitldSn'5-y1)-lyu^l-ci 

26. A compound selected firom 
5-JDiuoropyrliiiidine, 4,5,6-tri< 

25 cycIopropyl-5-pyrlmidinyl 
ethylpyrfinidine. 4,6- 
5-methyl-2-(2-methylcyclopi 
(cyclopropylmeOiy^S-mefh^ 
metbylpyrimidine« 4,6-dichIc 

30 didhloro-2~cyclopeiityl-5*mei 



51 



dopi 



-didilorcS- 



27. e-d-azepazvyQ-N.S 
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OH 



Ifro 
oro-i 
dine 
ropyl 



frcloj: 
ateir, 
id. 



aup 

lo-2-ii 



-me 



-isot 



|opropyL'2-isopropyl-S-methyI-4^ 
l^l-N-cycloproi^-5*ineth]^-4- 



itically acceptable salt thereof; 



i grcmp consistiag of 2-c9iaopropyi- 
l»6-pyrlmidinedi61. 2- 
b, 2-<grclopropyl-S-ethyl-4,6- 
Le-pyrimidinediol, 5-metfayl-2-(2^ 
[^(cyclopropylmeti3yB-5-methyl-4,6- 
Upyrimidinedioi, 2--cyclopeniyl-5- 
lpyl-4,6-dihydn»y-pyrtaildin-5^ 
k2-cyckiprq^l-4,6-^lhydra7Cjr- 

sisting of 4,6-dlchloio-2-cy(dapropyl- 
jpropylpyrSxDldme. 4.6-dicbLLoro-2- 
t,6-dldaloro-2-cyclopropyl~5- 
llcycaopropyDpyrimidine. 4,6-dlchloro- 

le. 4,6-dlchloro-a- 
1 4,6-di€ihloro-2-cyclobutyl-5- 
^1'5-methylpyTlmidine and 4.6- 

-pyiimidlnamine. 
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10 



15 



29. 



XJCB. 



28. A compound of fonnula X, or a ] ifi armai 



wlxersiti 

n is 1-6, and^_ 
r1 is (ycloaIkyl« 



A compound of farmula X 3^|c|e|l *^*oii] 
cycIoproiyl-6,7-4lhydro-5H'^j^^ \ pj 

tetrahydro'5H-pyrjbrmclo[4,^ 

30. A compound of formula Xn,'.^ 



S(2 



IfDNCHEN 



1^058 



lca% acceptable salt thereof. 



£ group consisting of 4<hloro~2- 
IpyiimidSne, 4-chlaro*2-cydoprDpyl- 
atoe, 4-dilQro-2-<7cflqprap!yl-6.7,8,9^ 



^wherein R' is cydoall^* 



31. 2-cycloproR^l-^,7-dlbydrD-E 



1i 
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ill 



euficaUy acceptable ssdt thereof. 



(XIO 
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Abstract 



The present Inventton concerns cb.< 
antagonism against the human mSj j^i 
3 phosphodiesterase IV fPDB IV) inU^r 
phaxxoaceutical compositions cont 



xds combining afiSnlty and 
^eptor vniiL adivily as selective 
3S for prepaiing them, 
their use as phannaceuticals. 
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